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Forew^ord 




N recent years, such marvelous advances have been 
made in the engineering and scientific fields, and 
so rapid has been the evolution of mechanical and 
constructive processes and methods, that a distinct 
need has been created for a series of i^radtad 
'Working guides^ of convenient size and low cost, embodying the 
accumulated results of experience and the most approved modern 
practice along a great variety of lines. To fill this acknowledged 
need, is the special purpose of the series of handbooks to which 
this volume belongs. 

C III the preparation of this series, it has been the aim of the J)ub- 
lishers to lay special stress on the practical side of each subject, 
as distinguished from mere theoretical or academic discussion. 
Each volume is written by a well-known expert of acknowledged 
authority in his special line, and is based on a most careful study 
of practical needs and up-to-date methods as developed under the 
conditions of actual practice in the field, the shop, the mill, the 
power house, the drafting room, the engine room, etc. 

C These volumes are esjiecially adapted for purposes of self- 
instruction and home study. The utmost care has been used to 
bring the treatment of each subject within the rancro of the com- 



nioa underetandiug, bo that the work will appeal not only to the 
technically trained expert, but also to the beginner and the self- 
taught practical man who wishes to keep abreast of modern 
progress. The language is simple and clear; heavy technical ternis 
and the foniiula; oE the higher iiiatheniatics have been avoided, 
yet without sacrificing auy of the requirements of practical 
instruction; the arrangement of matter is siicli as to carry the 
reader along by easy steps to complete mastery of each subject; 
frequent examples for practice are given, to enable the reader to 
test his knowledge and make it a permanent possession: and the 
illustrations are selected with the greatest care to supplement and 
make clear the references in the text, 

C The metho<l adopted in the preparation of these volumes is that 
which tile American School of Correspondence has develojwjd and 
employed so successfully for many years. It is not an esjterimeiit, 
but has stood the severest of all tests^that of practical use^which 
has demonstrated it to be the Ixfst method yet devised for the 
education of the busy working man. 

C J'or purposes of ready reference and timely information when 
net-ded, it is believed that this series of handbooks will be found to 
meet every requirement. 
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ELECTRIC RAILWAYS. 

PART I. 

ITie general name "electric railway" is applied to all railways 
employing electric motors to supply power for the propulsion of cars. 
On all electric railways in commercial use to-day, the electric motor 
is used to furnish power to the driving w^heels of the car or locomotive, 
the electric motor being the most efficient known means of transform- 
ing electrical into mechanical energy. 

Electric railways are usually classified according to the methods 
by which current is supplied to the moving car. Thus, where an 
overhead trolley wire is used, as on the great majority of electric rail- 
ways, the tenn trolley road is applied. Where an insulated steel rail 
is laid alongside the track rail for supplying current, as on the "e.e- 
vated" roads in America and on a few interurban roads, the term 
third-^ail road is used. Where, as on the street railwavs of a few 
large cities^ the conductors are placed in a conduit underneath the 
surface of the street, and current is taken by means of a plow or shoe 
running in the conduit, the name electric-conduit railway is most com- 
monly applied. There are also a few systems using conductors burie<l 
beneath the pavement, and having contact buttons or sections of 
conductor rail on the street surface, which sections are supplied w^th 
current by automatic electromagnetic switching apparatus as the 
car passes, Init which are normally dead and harmless. The over- 
head trolley and the third-rail systems are by far the most common. 

A further general classification of electric railways has recently 
been made because of the introduction of alternating-current railw^ay 
motors. The great majority of electric railways employ direct- 
current motors. Where alternating-current motors are used, the 
road is spoken of as one using single-j)hase alternating-current motors 
or three-phase alternating-current motors, as the case may be. 

All electric railway systems in commercml use are operated 
on an approximately constant potential or voltage, and the various 
electric motor cars operating on the system are connected across 
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the lines in parallel. The most common practice is to utilize the 
rails and ground as one side of the circuit, and the overhead trolley 
wire or "third rail" as the other side, as in Fig. 1. The trolley wire 
or third rail is, of course, thoroughly insulateil from the ground. 
The positive poles of the generators at the power house are usually 
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connected to the trolley wire, and the negative poles to the rails 
and ground. The various electric motor cars, being connected in 
parallel or multiple between the trolley wire and the ground,. draw 
whatever current is necessary for their operation. Where the conduit 
system is used, both sides of the circuit are insulated from the ground, 
and the contact shoe or plow collects current from two conducting 
rails in the conduit, one of these conducting rails being positive and 




Fig. 2. Railway Motor. 



the other negative. A double-trolley system is also in use to a limited 
extent. In this system, both the positive and the negative sides of 
the circuit are insulate<l from the ground, one trolley wire being 
positive and the other negative. 

Further discussion of the matters just outlined will be taken 
up in the succeeding pages. 
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CAR EQUIPnENT. 
MOTORS. 

Tlie voltage most commonly employee! by electric railways is 
500 to 600; ami the mot«jrs sire 500-voIt direft-current series-wountl 
motors, designed esi>ecially for railway service. The electric railway 
motor must lie dustproof and waterproof because of the position it 
(KTupies under the car. For this rea.son electric railway motors are 
made in the foi-m of a .steel case {Fig. 2), which entirely surrounds 
the field-magnet poles and takes the place of the yokes or frames 
that support the fields on stationary motors. Cast -steel is the material 
now usually employed for railway motor cases and fields, on account 



of its mechanical .strength and its high magnetic permeability. The 
ffjur poles project inwardly from the case, as seen in the open motor 
ca.'ie, Fig. 3, which is that of a Westinghou,se No. fiO motor. 

Railway motors have usually four jjoles l)ecau.se this permits 

■ tt a syinnietrical and economical arrangement of material aroun<i 

the armature, and hence permits the motor to l»e placed in the small 

space available on the car truck. Two-pole motors have been used 

in the past, but they were not as compact as the tour-pole type 

Characteristics of Railway Motors. Tlie cur\'e sheet, Fig. 
4, for the Westinghouse No. fi9 motor represents in peneral the char- 
acteristics of all direct-current railway motors. 

The figures for each cun-e are found, widi names corresponding 
to the cnnc to which they apply, at each side represented l»y vertical 
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distance on the sheet. The amperes, represented by the horizontal 
distance, are marked at the bottom, and apply in common to all the 
curves. 

The tractive effort at diflFerent current consumption is represented 
by a line curving upwards somewhat. This shows that the tractive 
eflFort increases, in a proportion greater than directly, as the current 
increases. 

The tonjue recjuired in starting may be many times greater than 
that necessary to maintain the car at full sjjeed. The series-wound 
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Fig . 4. Characterlsrtic c;urves of Railway Motor. 

motor, therefore, furnishes this great starting tonjue more economically 
than a shunt-wound motor the tonjue of which is j)roj)orti()!ied to the 
current. This feature of the series-wound motor makes it especially 
a<laj)ted to street railway work. 

The efficiencv curve show\s the motor to have an efficiencv of 
about S3 per cent with gears. Much other information nuiv be 
()btaine<l by a j)r()per study of the curves. 
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The fieliis are worked near the point of magnetic saturation. 
This e<?onomi7.e5 metal and space an«l is also an advantage because 
(if the fact tliat when so worked the armature reactions have verj' 
little effect on the fields. The neutral points between fields are 
consequently shifted verj' little and it is therefore not neoessarj' to 
shift the brushes when the motor is reversed. 

Armature Winding. The armature \ii;:ding is what is com- 
monly known as the series or- wave winding, shown developed in 
the paper on Direct-Current Dyna- 
mos, This win<ling is shown in 
Fig. 5, which is an end view of an 

armature and commutator. In the 

figure, however, the armature is S 
shown with a much smaller number [ / 
of slots than a railway armature { I 
should have in practice. Onereason / ' 

for the employment of the wave or i 

series winding on railway motor 

armatures, is that with this win<]- | f\/ I 

inc no cros.s-connections are neces- 

" V\f. .1, .\rmaluri> Winding. 

.sary when only two brushes are 

used, and these two brushes may be jilaied 90° apart in a convenient 
and at'cessible p»sition. Another reason is that the current, in flow- 
ing from one brush on the commutator to another, nmst always pass 
through the niagnetic field of all four of the motor poles, 'j'his makes 
it impossible for any unbalancing of the magnetic circuit to cause more 
current to flow through one jTOrtion of tlie armature than is flowing 
through another ]K>rtion. In a railway motor it has l)een found (juite 
possible to have one pole or pair of poles exerting a greater magnetic 
attraction on the armature than another pair, owing tti <lifTerences in 
tlie inin and differences in the clearance l>etween the annature ami 
pole pieces, which differences cause more magnetic lines of force to 
flow from .some pole pieces than from others. ^Vith the lap-armature 
or the ring-annature winding, since the various portions of the 
armature under different poles are in parallel with one another, any 
difference in the magnetic flux Ijetween different poles will cause a 
different amount of current to flow in the various paths through the 
annature. 
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By reference to the winding diagram given in Fig. 5, it may be 
noted that a complete circuit through two coils ends at the seg- 
ment adjacent to the one from which the start was ma^le. It may 
also be noted in the table of motor data that all of the armatures 
have an odd number of segments and an odd number of slots. It 
is absolutely necessarj'^ in a wave winding to have an odd number 
of segments. Otherwise the winding could not be made symmetrical 
and the circuit through two coils be made to return to a segment 
adjacent to that from which the start was made. With eqi^al spacing 
l)etween the top and bottom leads of the two coils, an even number 
of segments would make the circuit return either on the segment 
from which the start was made or two segments from it. 

The first drum-wound street railway motor armatures had as 
many slots in the armature as there were coils and segments. The 
great number of slots necessarily made the teeth verj^ thin and con- 
sequently weak. This is very objectionable as sometimes the arma- 
ture bearings wear away, allowing the face of the armature to drag 
on the pole pieces and thin teeth are bent out of shape. 

Armatures are now almost entirelv constructed with either two 
or three coils to a slot. When two coils are used in each slot with 
an odd number of slots an even number of coils results. If these were 
all connected to the commutator an even number of segments would 
l)e necessary. As this is not possible with a wave winding, one of 
the coils is "cut out." The ends are cut short and taped and it is 
termed a "dead" coil. This makes the winding somewhat unsym- 
metrical, all the coils not bearing the same angular relation to the 
commutator segments to which they are connected. This difference 
is, however, not great enough to affect the operation of the machine. 

The Westinghouse 49 motor is an example of an armature with 
a dead coil. By reference to the table of motor data it will be seen 
that this armature has 59 slots. Two coils in each slot would make 
118 coils. One of these, however, is cut out, giving 1.17 segments. 

Cutting out a coil can be avoided by putting three coils in each 
slot. 

An odd number of coils results then no matter what the number 
of slots may be. In the majority of examples given in the table 
there are three times as many segments as slots. 
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The sides of the slots of modem street railway armatures are 
straight. The coils are prevented from flying out by bands of wire 
extending over the tops of the coils around the armature. Steel 
or silicon bronze wire of about No. 14 gauge is used. Recesses are 
made in the armature teeth for the reception- of these bands so that 
the wire when wound will come flush with the face of the armature. 
The bands are usually J to IJ inches wide. The wires are w^ll 
soldered together to secure them in place. One trouble experienced 
with armatures is the slipping off of these bands. The heated 
armature expands and stretches them. When the armature cools 
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Fig. (V. Armature Coll. 

the bands jire loose and then often slip- off. When they do so the 
coils fly out by centrifugal force, strike the pole pieces and ground 
the motor. 

Armature Coils. Railway motor armatures are to-day uni- 
versally constructed with form-woimd coils, which are wound on 
a form of proper shape and carefully insulated before being placed 
in the armature. 

The coils of the smaller motors (those up to 40 or 50 horsepower) 
are usually w-ound with round wire. The cotton covering of the wdre 
is depended upon for insulation. To strengthen this, however, the 
coils after being wound are immersed in an insulating compound 
and then baked in an oven. The whole coil is usually wrapped with 
insidating tape (See Fig. 6). The armatures of larger motors have 
coils made o*f copper bars. Mica is often placed between and around 
the bars for insulation, though oiled linen cloth tape cut bias is also 
employed, especially in repair work. 

Field Coils. Field coils are so constructed that thev may 
be reatlily removed should they become grounded or short-circuited. 
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Some makers wind them on a brass shell or £orm which is slipped 
over the pole piet-e. In some motors the field coils are composed 
of copper ril)l)on, wound hare, with riblwns of insulating material 
between the turns. Field coils of wire for the smaller motors, if not 
wound on shells, are woun<l on forms and before completion are 
tape^l in such a manner that they will hold their shape without being 
enclose*! in a spool. The termi- 
nals are brought out where they 
will be of easy access when the 
field is in place (See Fig. 7). 

Armature Leads. In Fig. 
3 is seen a completed armature 
in the motor casing of a Westing- 
hou.se No. 69 motor. Since the 
motors are four-pole, the two sides 
of any one coil occupy slots 90° 
apart in the armature coil, as in- 
dicate<l in Fig. 5. The ends of the 
coils are connected to commutator 
bars 1H0° apart. The relative 
position of the commutator con- 
nections of any armature coil can, 
of course, l>e varied so as to bring 
the bni.shes in the most convenient position in the motor casing. 
Bnishes are always of carbon, and are placed where they can be easily 
reached from the opening in the motor casing over the commutator. 

Motor Leads. The reversing of the current through the 
aniiature, independent of the field current, to secure reversal of 
direction of rotation of the armature, makes it necessary that four 
wires enter the motor. The portions of these wires connected per- 
manently to the motor are termed the motor leads because they 
"lead out" the current. Sometimes an ordinary two-way connector 
is used in connecting these leads to the wires of the cable, but often 
a jack-knife connector is employed to facilitate connecting and dis- 
connecting. Considerable difficulty has l>een experienced by the 
wearing away of the insulation of the leads where they rest on the 
motor shell. To avoid this there has recently come into use a lead 
protected by a .spiral metal covering. 
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Brushes. That the motor may operate in either direction 
equally well, the carbon brushes are placed radially or nearly so. 
No provision is made for shifting their position relative to the fields. 
They usually occupy a position equidistant between pole tips. 
The common types are either ^ or J-inch thick and from 21 to 4 
inches wide. 

Brush Holders. Two methods of securing the brush holders 
are employed. In Fig, 3, the brush holders may l)e seen to l>e 
.secured in position by l>eing bolted through the end of the motor 
shell. Fig. 8 shows the brushes mounted on a yoke which is secured 
to the motor shell. 'ITie yoke is of wood and 
provi<les the necessary insulation. WTiere the 
holders are fastene<l directly to tiie shell a 
block and washers of vulcaljeston or other 
> insulating material intervene to furnish the 
insulation between the shell and the holder. 
In practice the greatest difficulty experi- 
enced with brush holders is preventing 
FiK.f. nn.6hHow.r ^^^^^ ^^^ becoming grounde.1 by dirt and 
carbon dust which collects on the insulation. 
Opening Cases for Inspection. Accessibility for inspection 
and repairs is essential in all railway motors. A lid is always pro- 
vided directly over the commutator to facilitate inspection of the 
commutator and brushes. To open up the motor casing for more 
extensive inspection or repairs, three general schemes are employe*!. 
One is to have the lower half of the casing swing downward on a 
hinge as in Fig. 9, which illustrates the Westinghouse No, 3S R 
motor. The armature may be placed either in the lower half, a.s 
shown in Fig. !), or in ttie upper half. When a motor of this tyjie is 
to l)e opened the car is nm over a pit, an<l the repair men work 
entirely from I>elow. 

Often the hinge pins are removed and the lower shell containing 

the armature is dropped down by means of a jack placed underneath. 

Two handholes are usually pro\ided in the Ixittom shell for 

observing the clearance between the armature and the pole pieces 

and also for removing dirt that may collect in the bottom of the shell. 
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Another scheme is to have motors open from the top, either 
hy hinfjing the upper part of the motor casing, as in Fig. 3, or by 
having the top part of the casing lift off. Where this fr»nn of motor 
is useii, the car iKxIy is hoisted dear of the truck, ami the trucks are 
run out from under the car body before work is done on the motors. 
In this case, all the work can be done from above without the use 
of pits. 

A thin! rlesign is the box-frame motor caang, from which the 
armature can be removed endwise only. Such an arrangement is 



Fig. B. K.iil»-ay Motor. I-ower Half of ChrIdk Swunn Down. 

shown in Fig. 10, which is a view of a No. C6 motor of the General 
Electric Company. In this motor a siifficiently large opening is 
provided in the ends of the motor casing to permit of the armature 
lieing removeii emlwi.se. A plate or hea<l, which accurately fits 
intr> tliis opening, <-arrieK the armature l)earing. In removing anna- 
tures fn)m rjotors of tlii.s kind, the usual method is to take the mirtor 
out of the trucks and stanrl it on end with the pinion up. The holts 
being removed from the end plate, the armature can then l>e hoisted 
out of the case by means of a speoial hook attached to the pinion. 
Another plan that lias been u.'^ed in removing armatures from such 
motors, is to place the motor in an apparatus where the armature 
shaft can be held between centers, as in a large lathe. The motor 
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casing is then moved along in a direction parallel t»i tlie annature 
shaft, until the nrniatnrc is expr>scd. 

'J'liis latter hox-fraino fyjie of motor is very compact; a stronger 
casing can Iw nia<le for a giveri weight an<l s]>ac-e than if it were 
divided horizontally. Moreover, the magnetic <ir(iiit cannot he 
disturbed by im|)erfe<t contact hetween two parts of the casing. 
Where this type of motor is used, flie hearings project inwanl under 
the commutator and armature, thus getting long bearings with a 
short motor, which is important where the room is limited, as, for 
example, in the case of a large motor nioimte<l on a standard^auge 
truck. 



Gearing. In most cjuses, spur gearing is usc<l to transmit jxiwcr 
from the armature shaft to tiie car axle, although a few motors with 
annutures miinntcd directly cm the car axle are in use. Varioiis gear- 
ings other than the simple spur gear have been tried, .such a,s worm 
gears, <'liain ami bevel gears. Practically all have Ik-cu abandoned 
in favor of the single-reihution spur gearing, whicli is the most satis- 
fa<'tory fn>m the standj^oint of wear and efficiency. This gearing 
is shown in Figs. 3 and 9. 'J'be gearing is covered with a gear case 
(Fig. !)), whicli is usually of steel, though gear cases of thin sheet 
metal and woo<l are sometimes used. A solid gear is sliown in Fig. 1 1 , 
and a split gear in Fig. 12. 
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The gear nitios in common use vary from 5 to 1 to 2 to 1, the 
lai^r ratio bein_-; common on the smaller inotor.s. A ratio often 
nseil on motors of 30 to oO liorsei>ower is 4.7S to 1, the gear having 
<i7 teeth, the pinion 14 teefli. 

Street oar wheels are usually 33 indies in diameter. Tins makes 
necessarj- 612 revolutions per mile. V>iW\ a gear ratio of 4.78 the 
aniiatiire revolves 2,925 times per mile. At 15 miles \>er hour, this 
gives 731 r.p.m. 

Lubrication. The lubrication of railway motors was for a 
number of years carrie<l on almost exclusively with grease, which 




FlK. 12. Spllni^nr. 

it was custotnarv to ptaie in the gear (using and ui greiLsc ho\es 
o\er the armati re ind t »r i\!e beirmgs drease becomes most 
effineiit as a hibrmmt onlj when the beinng is heated siifficientl> 
to make the grcasi run like od Oil is now liemg used to a am- 
sidcrable c\ttnt tspetialh for lar^jer motors It is fed tt» the beir 
mgs b\ various ileMces that allow a ver^ slow fee<l snth as wicks 
an<l"lul>ricators adjusted to pass i small amount of oil \>er hour 

Bearings Ha]lwa\ motor bearings are usuallv of Babbitt 
1 etal which metal h tast into a steel shell Ihis shell fits into 
receptacles ni the motor casing which tan be seen in Figs 3 and ') 
A steel shell is used so that the worn-out l)ejrmgs can be ea,sl!^ 
ruiewed and the shells taken to a Babbitt melting furnace to hive 
i]c\\ Babbitt poured into them 

I he motor h is two sets of luaiings those for the irnnture and 
those for the a\ie U]>on whuh the motor is mounted The axle 
l;>earm^s ire il« ns split diainetncilh t aii id remo\iiig i vvheel 
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when a bearing is replaced. On the later designs of motors these 
are of bcass, no Babbitt metal being used. . The armature bearings 
are distinguished by the terms "gear end" and "commutator end" 
bearings. The gear end bearing is usually of larger diameter and 
of greater length because of the thrust of the gears it must take in 
addition to the weight of the armature. This bearing is split so 
that it may be removed and replacetl without the removal of the 
gear. The commutator end bearing is in one piece. Armature 
bearings are shown in Fig. 13. 



t 











Fljr. 13. Armature Bearings. 

riotor Suspension. Two methods of suspending motors flex- 
ibly on trucks are in common use. That end of the motor which 
has bearings on the car axle cannot, of course, be; flexibly suspended 
with regard to the axle; but the other end of the motor can be placed 
on springs, or rest on a bar supporte<l on springs, as shown in Fig. 
14. This suspension is commonly called nose sv^sjiensimi. Insteiwl 
of having a special bar and special springs for the nose of the motor, 
the nose may rest upon some part of the truck that is carried upon 
springs. Thus, on the M. C. B. type of swivel tnick, the nose 
usually rests on the truck bolster, and thus gets the benefit both of 
the lx)lster springs and of the e(|ualizer springs of tlie truck. Another 
general plan of suspension is that known in one form as cradle sus- 
'pension, and in another form as side-bar suspensixm., A side-bar 
suspension is shown in Fig. 15. Here a larger percentage of the 
weight of the motor is evidently taken by the s[)rings than in the 
case of nose suspension. It is desirable to relieve the car axle of as 
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much dead weight as possible. By dead weight is meant weight 
resting upon it without the intervention of springs. 

Motors of the New York Central Electric Locomotive. 
These motors are a radical departure from the usual type of rail- 



way motors. Tlie locomotive on which they are mounted has four 
<lriving axles, upon each of which is mounted an armature, direct, 
no gears lieing u.sed. Figs. 16 and 17. The motors are remarkable 
for vhree special features: Tlie method of mounting the annature, 
tlie shaue of tlie pole piecey, and the path of the magnetic flux. 
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The mounting of the armature upon the driving axle and tlie 
motor fields on the truck frame makes it necessary to have flat ]K)le 
pieces in order that the armature may play up and down as the 
journal box and axle slide 
in the guides of die truck 
frame. The shape of the 
pole pieces may be ob- 
served in the drawing 
Fig. 16. When in tlic 
central position there is 
a J-inch air gap between 
~ the armature and pole 
B pieces. The magnetic 
3 flux is continuous through 
£ the fields of all four of 
£ the motors. It returns 
^ through the cast steel 
^ side frames of the truck 
z and two bars placed in 
= the path. 

I The brush holders 

« are so mounted 'that the 
§ bnishes oc'cupy a fixed 
3 (K)sition relative to the 
a armature. The arma- 
ture is removed by low- 
ering it with the wheels 
* and axle upon which it 
is mounted. This can he 
done u'ithout disturbing 
the fields of the motor. 

CONTROLLERS. 

Ill an ordinary electric 

car, current is taken from 

the wire through the trolley wheel and jK>le, and is first led from 

the trolley base through overhea<l switches or a circuit breaker, and 

then to the controller, from which it passes through the motors and 
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thence through the motor frames, tar truck, and wheels to the rails 
and ground. If the car is designed to be operate<l from either end, 
an overhead switch or circuit breaker is placed over each platform 
of the car so that current can instantly be cut off entirely from the 
controllers by throwing the switch or circuit breaker at either end 
of the car. 



Vig.n. ArmaliirB Axil' iin<l Wheels. 

The lighting circuit is run from the trolley base in(le]>en(lently 
of the motor circuit, and has its own switch and fuse box. Current 
for the lights is taken from the tn)lley cireuit before it reaches the 
main switches or circuit breakers. Current for electric heaters, if 
such are use«l, is likewise taken from a separate circuit. On a r>00- 
volt system five lOO-volt lamps are usually connected in series for 
car lighting. As many multiples of five ran be employed a.s are 
necessary to light the caff 

Rheostat Control. The simplest form of <fintn»ller is that 
employed where only one motor is used on a car. A rheostat is 
placed in series with the motor when started, just as on a stationary 
motor; and the function of the controller is to short-circuit this 
resistance gradually until it is entirely cut o\it and the motor operates 
with the full voltage. The controller also has a reversing switch 
by meiins of which the relative connections of the annatiirc and fields 
are reversed, which, of course, changes the direction of rotation of 
the motor armature. Such a simple equipment as this, however, 
is rarely to be found in practice. 

5eries-ParalleI Control. Single-truck cars usually have two 
motors, one on each axle; and on such cars a series-jmrallel controller 
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is the kind usually employed. Diagrams of connections on the 
various points of a series-parallel controller (Type K 6) of the Gen- 
eral Electric Company, are given in Fig. 18. 

f^o/nf Res/sfance Motor f Motor 2 

Armature r/e/d Armafur^ HeM 
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Flj;. IH. Diagram of K6 (^omnjller Combinations. 

From these ditigrams it is seen that the motors are first operated 
in series until all the resistance is short-circuited by tlie controller. 
When this has occurred, the cars are running at about half speed. 
The next point on the ^.ontroller puts the two motors in multiple, 
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with some resistance in the circuit, which resistance is cut out upon 
the following points, until at full speed the two motors are in multiple, 
without anv resL^itance in the circuit. 

Four Motors. Where four motors are use<l on a car, as is 
frequently the ca.se with double-truck cars, the motors on each 
truck are usually controlle<l just as in case of the two-motor ecjuip- 
ment that has been described; but each pair of motors is operated 
in multiple. That is, on the (irst points of the controller, the two 
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Controller Construction. 
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V'\K- lU. Motor In Seri4«s. 

motors of a pair are in series, as in Fig. 19, and the two pairs are 
in parallel; and on the la.st j>oints of the controller, all the motors 
are in parallel, as in Fig. 20. 

'^riie contn)lIe''^(Type K) shown 
open in Fig. 21, which in its vari- 
ous forms is the type most com- 
monly used on street cars in the 
Ignited States, has a contact cylin- 
der or drum mounted upon the 
main shaft of the controller. This 
contact drum carries contact 
rings insulated from the drum, 
and is suital)ly interconnected, as 
indicated in Fig. 22, whicli shows 
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V'xii. -J!). Moinr III T'arsill.l. 

the contact rings of the controller 
as they would appear if rolled out flat. Contact fingers are placed 
along the left side of the contmller, as seen in Fig. 21, one for each 
ring on the drum; and as the controller handle is turned to revolve 
this dnim, the contact fingers make contact with the rings on the 
dnnn and give the various connections. Alongside the main con- 
troller drum is a reverse drum which simply reverses the armature 
connections of the two motors. 
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Controller Wiring. The connection between motors, con- 
trollers, an'l resistances, with two motors and a K 6 (^ntroller is 
shown in Fig. 22, A careful study of this will show the conihinationa 
to I)e the same as indicatetl in the diagram, Fig. IS. 'i'he wiring 
is rather complicated ; and in practice, to avoid confusion, the ends 
of each wire are labeled with tegs showing the tenninals to which 
they belong. 



With the aid of Figs, 22, 23 and 24, the wiring of n type KC ■ 
contniller with two mnti>rs may l)e followed. Figs. 23 and 24 are 
for a different controller hut can l>e used to assist in an understanding 
of the complicated diagram 22. The current leaves the choke or 
kicking coil of the lightning arrester and passes through the blow 
out coil of the controller. It then goes to tlie top finger T of the 
controller. On the first point the cireuit is as shown in Fig. 23. 
The top segment A makes contact with the top or trolley finger. 
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CfKOUNO 

FIr. 23. Motors lii Series. 



All but the lower five segments of the cylinder are electrically con- 
nortec 1 together by means of the iron cylinder upon which they are 
mounted. On the first point then the current passes from the 
cylinder over Rj, and with straight series connections of the resist- 

ances, it goes through all 
jg^ of the rheostats under 

I the car, and returns to 
the controller over the 
last resistance lead, R7. 
Behind the motor cut-out 
switches at the base of the 
controller this lead is tap- 
j)ed into a wire one end 
of which leads to finger 
10 of the controller, and 
the other end thnnigh 
the cut-out switch and 
reverse cvlinder to No. 1 
armature. The current 
takes the latter path, passes through the armature of the motor and 
returns by way of the reverse cylinder, thence through the fields of 
Xo. 1 motor and then 
through the cut-out switch 
of Xo. 1 motor and to finger 
E,,of the controller. Seg- 
ments ( ), M, X' anc 1 \jy shown 
in Fig. 2B, and correspond- 
ing segments of Figs. 22 
and 24, are insulated from 
the remainder of the con- 
troller cvlinder. From 
finger E, and segment () 
(Fig. 23) the current passes 
over finger 1 5 through Xo. 
2 cut-out switch and the 
reverse cylinder to the arm- 
ature of Xo. 2 motor. Returning it passes through the reverse 
cylinder, then back through the fields of No. 2 motor and to the 




Fig. 24 



Motors ill Parallel. 
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ground, which is usually through a connection on the motor casing. 

On points 2, 3, 4 and 5, the successive series points of the con- 
troller R,, Ilj, etc\, make contact with segments B, C, etc., Figs. 23 
and 24, vnitil finally finger 10 rests on segments J, the resistance is 
all cut out and the motors are connected in series directly across the 
line. A further movement of the controller handle changes the 
motors from series to multiple connection and inserts in the circuit 
a portion of the external resistance. There are four separate stages 
in making this change. First, the resistance fingers slide off their 
s^ments and the resistance is inserted in the line. Second, fingers 
E, and G make contact with segments P and Q. Motor No. 1 is 
then across the line in series with the resistance; the circuit being 
from E, to ground over G. When the lower finger E, makes contact 
with P, the upper one has not yet left segment O. This short-circuits 
No. 2 motor, the path being from the ground, up wire G, thence by 
way of segments P and Q and through connecting clip V, between 
the two E, fingers back through finger 15 to the motor. 

A further movement of the controller handle causes the fingers 
to leave segments M and O and No. 2 motor is open-circuited xmtil 
finger 15 makes contact w^ith segment N. When this takes place 
the motors are in multiple. On the successive points after this the 
external resijtance is cut out in the same manner as previously 
described. 

By reference to Fig. 22, it will be noticed that the leads to 
the motors and the resistances are tapped on wires of the cables 
connecting the two controllers on the ends of the car. The two ends 
of these wires, with the exception of the armature wires, lead to 
similar binding posts on the two controllers. The armature wires 
are interchanged connecting at onjs controller into binding post 
A A; while the other end connects into binding post A. lliis change 
of connection is necessan- in order that the reverse handles be for- 
ward for fonvard direction of movement of the car. 

To reverse a series motor it is simply necessary to reverse the 
direction of flow of the current in either the armature or field. For 
several reasons, it is advantageous in the case of the street railway 
motor to reverse the current in the armature rather than in the field. 
Figs. 25 and 26 show how this is accomplished. The squares shown 
in the figures represent the lugs on the reverse cylinder as shown 
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in Fig. 21. Witli the reverse liandle in one position (Fig. 25), the 
large lugs are under the reverse fingers, and current passes from 
finger 19 to finger A„ and from finger 15 to finger Ag. Fig. 26 shows 

the relative position of reverse 
fingers and lugs for the reverse 
position of the controller han- 
dle. In this case the current 
passes from finger 19 to A A„ 
and from finger 15 to finger 
A Aj. The effect is to change 
the direction of flow in the 
armatures while that in the 
fields remains the same as 

Fig. 25. Forward Position of Reverse. j^ay be observed by tllC aCTOWS. 

Wiring of Type L Controllers. The type L controller, 
shown in Fig. 27, while accomplishing the same results as the type K, 
is wired in a radically different manner. The circuit is opened in 
changing from series to multiple connections. The controller 
handle makes two complete revolutions in moving from the series 
to the multiple position. It is geared to the rheostatic cylinder 
in such a manner that the « 
first half of both the first and 4|pJ^j^ ^ ^^ 
second revolutions gives this ^,^ 

cylinder one cx)mplete turn, '^w^^ 
During the second half of the 
revolution the cylinder is re- 
turned to its original position. 
The controller handle is so 
connected to the commutating 
arm that this stands in a cen- 
tral position for the oflF position 
of the handle. At the begin- 
ning of the first revolution it is swung to the left, throwing the 
motors in series. At the beginning of the second revolution it is 
moved to the right, putting the motors in multiple. 

The rheostats instead of being wired in series are connected 
in multiple. Current passes from the blow-out coil to the bottom 
fingers of the controller S, and thence to the rheostats. On the 
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Fig. 26. Reverse Position of Reverse. 
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first point the current returns over R, to the controller cylinder. 
It passes off through a collar at the base of the cylinder through No. 

1 cut-out, and the reverse, which is shown in the central position, to 
No. 1 motor. On returning to the controller over E, it passes to 
the upper section of the commutating arm. .In the diagram this 
is shown in the central position. In series it is thrown to the left. 
The current then passes from the commutating arm to No. 2 cut-out, 
and to No. 2 motor. Movement of the controller handle further 
multiplies the paths through the rheostats and finally, when fingers 
S rest on the cylinder, the rheostats are short-circuited. If the con- 
troller handle is moved still farther, the rheostat cylinder is returned 
to the off position and the commutating arm is thrown to the left. 
With the arm in this position the current divides, one portion passing 
to No. 1 motor as before and to ground by way of the upper section 
of the commutating arm ; while the other branch goes by way of the 
lower section of the commutating arm to the cut-out switch for No. 

2 motor and thence to the motor. 

Reversing is accomplished by one-quarter revolutions to the 
right and left of the segments shown. It is evident that this will 
connect either Aj or A A,, to the trolley. And likewise connect the 
other armature leads. 

Reversal. The reversing handle and the main controller handle 
are made interlocking so that the motors cannot be reversed 
without first throwing the controller to off position. This is to pre- 
vent damage to the motors through careless or inadvertent throwing 
of the reverse handle when the controller is on some of its higher 
points. Such a reversal would 'cause an enormous current to flow 
through the motors, and would be likely to damage them and to 
open all the circuit breakers and fuses in that circuit. The reason 
for the enormous flow of current is, of course, that the counter- 
electromotive force of the motors, when reversed with the car going 
at some speed, would materially mid to the electromotive force of 
the trolley line, instead of opposing it as when the cars are in opera- 
tion. The current flowing through the motor circuit would then be 
e(jual to (elecfromolive force of line + elcciromoiivc force of motors) -5- 
{resistance of motors), which would result in a very large current. 

riagnetic Blow-Out. On the Type K controller as well as on 
most other successful controllers, the flashing or arcing between 
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contact rings and fingers, which occurs when the circuit is broken, 
is materially reclucetl by a magnet that produces what is called the 
magnetic blow-out to extinguish the arc. This magnet derives its 
current from the main circuit, and is so arranged as to create a 
strong magnetic field in the neighborhood of the place where the 
arc is formed Fig. 21 shows a Type K controller open with the 
magnetic blow-out magnet thrown back on a hinge. The coil 
which produces this magnet is seen in the right side of the con- 
troller. The main contact drum is in the middle, and the revers- 
ing drum at the right hand. There are in use a number of other 
controllers built upon these same general principles but differing in 
mechanical arrangement. 

Controller Notches. All controllers are provided with some 
device which prevents the motonnan from stopping the controller 
handle between the various points or notches, as the stopping l)e- 
tween points might result in drawing an arc or an imperfect con- 
tact. The most common arrangement to prevent this is a notched 
wheel on the controller shaft, against which bears a small wheel of 
just the right size to enter the notches. The small wheel is held 
against the notched wheel by a strong spring. As the tendency 

of the small wheel is to seek the bottom of the notches, it is diffi- 

■ 

cult to stop the controller handle anywhere between notches, and 
the motorman is thus given a guide which teUs him without any 
effort on his part just where the notches are. 

To prevent advancing the controller handle too rapidly and 
avoid the jerking of passengers, excessive currents and slipping of 
wheels during acceleration, several devices have been planned. On 
the multiple unit control systems, a limit switch is usually provided 
which prevents the controller advancing when the current exceeds 
a predetermined amount. A device to accomplish the same results 
on the K type of controllers is termed the Automotoneer. A cam 
connected with a dash pot prevents movement of the controller 
handle to the successive notches faster than a previously prescribed 
rate. 

A switch is usually provided in a controller, for cutting out 
of service one motor or a pair of motors if defective, and allowing 
the car to proceed witli tlie good motor or motors. 
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MULTIPLE-UNIT CONTROL. 

A system called *' multiple-unit control" or *' train control" 
has come into use where it is desired to operate motors under a number 
of different cars in a train; all the motors being controlled from the 
head of the train or from any other point on the train where the 
motorman may be stationed. 

There are several tj'pes of multiple-unit control. In all of them 
there is on each car a controller of some kind which controls the 
current flowing to the motors on that car. This controller is operated 
from a distance by means of electro-magnetic or electro-pneumatic 
devices controlled by circuits called pilot circuits, which circuits are 
connected to the motorman 's controller. All the pilot circuits of a 
train are connected together by means of train plugs which make 
the connections between the cars. The pilot circuits of each car 
are connected to a motorman 's controller on that car and this makes 
it possible to operate the train from any controller. 

Sprague Multiple-Unit System. In the earliest form of 
multiple-unit control — which was that devised by F. J. Sprague — 
the motors on each car w-ere controlled by an ordinary Type K con- 
troller, which had geared to its shaft a small pilot motor. The 
pilot motor was controlled by the pilot circuits connected with the 
motorman 's cx)ntroller. 

In the more recent forms of multiple-unit control, the use of 
main controllers having contact cylinders has been practically aban- 
doned. The contacts are made instead by a number of electro-mag- 
netic or electro-pneumatic contact devices sometimes called contactors. 

General Electric Train Control. In the General Electric 
train-control system each contact for the motor circuits is made 
by a solenoid magnet which draws together two heavy copper con- 
tact fingers to establish the circuit. A magnetic blow-out coil in 
series with the contact is also provided. The contactors make 
contact only when energized by a small amount of current from 
the master or motorman's controller. In Fig. 2Sa is a diagram of 
the car wiring for a motor car equipped with this system. Tlie 
motorman's controller is a drum controller, but is comparatively 
small since it has to handle only the small amoimt of current necessary 
to operate the solenoid magnets of the contactors. It is evident 
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that by connecting together the pilot circuits, which are connected 
to the motomian's controller, so that the pilot circuits will be continu- 
ous for the entire length of the train, any number of cars equipped 
with the train-control system can be operated; and similar contacts 
will be made by the contactors under all the cars simultaneously, 
by virtue of the circuits established by the master controller at any 
platform. 

Besides controlling the contactors, the master or motorman's 
controller must control an electro-magnetic reversing switch, or 
reverser, to change the direction of car travel. 

The handle of the motorman's controller is provided with a 
push button, which must be depressed while the current is turned 
on. Should the motorman release this push, the circuit through 
the controller will be opened and all the contactors will fall open. 
This handle is called the dead rrvan's handle because it is put the'^e 
to provide for cutting off the current should the motorman fall dead 
or in a faint at his post. 

The flow of the current in the control circuits, which operates 
the reverser and picks up the contactors on the several jx)ints may 
be followed in the diagram Fig. 28a. With the reverse handle in 
the forward position and tlie controller on the first point, current 
passes from the main circuit through a single-pole fused switch 
called the control switch and through the auxiliary blow-out coil 
to a finger bearing on the upper section of the master controller 
cylinder by which connection is established to the adjacent finger 
and thence to the reverse cylinder. It leaves this over wire No. 8, 
passing by way of the connection board and control cut-out switch 
to the forward operating coil of the reverser, thence through the 
forward blow-out coil and over wire 81, through the switch under- 
neath contactor No. 2 and to groimd G, by way of wire B 2 after 
passing through the fuse shown. The current through the operating 
coil of tlie reverser, having thrown this, tlie path is changed some- 
what. The current then instead of passing from tlie reverser over 
wire 81, is conducted through wire 15, through the operating coils 
of contactors No. 1, 2, 3, and 11 in series, through the switch under 
contactor No. 12, and to ground through finger 1 of the controller. 
Contactors 1 and 2 are in multiple and when raised connect the 
trolley with the contactors controlling the resistance leads. Con- 
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tactor 3 connects R to. the line while contactor 11 places the two 
motors in series. The motors then operate with all of the resistance 
in circuit. WTien contactor 2 raises, it opens the switch immediately 
below it, making it impossible for the reverse to operate while current 
is flowing through the motors. On the second notch of the controller 
an additional path is opened by way of finger 3 of the controller. 
This path leads from finger 3 through four of the control circuit 
rheostat coils, through contactor No. 5 and to ground over 32. On 
the 3rd, 4th and 5th points contactors 6, 7 and 9 respectively are 
raised. The motors are then in full series. Between the 5th and 
6th points all the control circuits are broken preparatory to starting 
the multiple connections of motors. On the 6th or the first multiple 
point the ground through finger 1 of the master c*ontroller is opened 
while a ground through finger 3 is established. ITie current from 
the reverser then, after raising contactors 1 and 2 as before, instead 
of passing through contactors 3 and 11, passes through the coils 
of 4, 12 and 13, through the switch under contactor 11 and to ground 
over finger 2. Contactor 12 connects motor No. 2 to R,, while 
contactor 13 grounds No. 1 motor. The motors now operate in 
parallel and on successive notches of the controller, contactors 6, 7, 
8, and 9 are raised, cutting out all of the resistance. The switches 
underneath contactors 11 and 12 make it impossible for 11 to raise 
with 12 and 13 or vice versa. The reason for this arrangement is 
very evident, as a direct ground for R, would result. 

The Westinghouse Electro-Pneumatic System of Control. 
In .this system of multiple unit or train control, the current to tlie 
motors is supplied through a set of unit switches or circuit breakers 
which are sometimes placed in a circular case or turret underneath 
the car and in other cases are ranged in a row under the car. The 
opening and closing of these unit switches is done with compressed 
air acting on a piston in an air cylinder. When the circuit is to be 
closed, compressed air is admitted behind the piston and forces it 
down against the tension of a seventy-jx)und spring, and the contacts 
are brought together. When the switch is to be opened, the air is 
let out of the cylinder and the spring forces the piston back. The 
air supply is obtained from the storage tanks of the air brake system. 
The valve controlling the air supply to the cylinder of each unit 
switch, is operated by electromagnets which derive current from a 
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seven cell, fourteen-volt, storage batterj. The small master con- 



troller operate*! by the motorman, makes and breaks the battery 
conntvtiotiM tu the magnets controlling the air valves. 

An advantiige of this over other multiple-unit systems is that by 
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the use of battery current the control system is not disturbed by 
interruptions of the main supply of current. The chief advantage 
of this is that it makes it possible to reverse the motors and oj)erate 
them as brakes in emergencies at all times. 

The battery is charged from the main line through lamps as 
resistance, or may be charged by being connected in series with the 
air compressor motor. 

In the accompanying diagram, Fig. 28 fc, there are two batteries 
shown which are charged in series with the compressor motor. By 
means of two double-pole, double-throw switches, first one and then 
the other battery is connected for charging and for service. The 
battery is charged in shunt with a resistance and a relay is connected 
in the circuit as shown, so as to open the battery circuit whenever 
the current through the motor stops, and thus prevent the battery 
dischai^ng through the resistance. 

The master controller has a double set of segments in order to 
decrease the length of the shaft. The handle, therefore, is moved 
only one-sixth of a revolution from off to full speed. The various 
circuits can he traced by the letters and numl)ers each wire bears, 
so that the circuits will not be gone over in detail. The first position 
of the master controller throws the reverser switch in the proper 
direction and also closes the main circuit breaker. On the second 
point the motors are connected in series with all resistance in circuit, 
and these resistances are automatically cut out one by one. On the 
next point of the controller the motors are in multiple and the resist- 
ances are automatically cut out in a similar manner. The automatic 
cutting out of resistances is accomplished by a limit switch in con- 
junction with operating and holding coils on the electro-pneumatic 
valves. This limit switch is a kind of a relay which has the current 
from one of the motors flowing through its coil and which acts to 
open a certain battery circuit which operates the electro-pneumatic 
valves whenever the current in the motor circuit in question excee<ls 
the amount for which the limit switch is set. The automatic accelera- 
tion or cutting out of resistance is accomplished as follows: 

Each electro-pneumatic valve has two magnet coils, one of which 
is an operating coil and the other a holding coil for holding the valve 
open after it is operated. Wlien first the current flows through a 
circuit to one o^ the electro-pneumatic valves, it flows through the 
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operating CH)il and operates the valve to close the corresponding 
switch or switchas of the main circuit by turning the air into the cylin- 
ders. As soon as the main switch is closed, it cuts into circuit the 
holding cfil of its corresponding electro-pneumatic valve and this 
coil will, Tfith the batterj^ current, hold the switch closed even though 
the circuit to the operating coil may be opened momentarily by the 
limit switch as each stej) of resistance is cut out. This prevents the 
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PlR. 29. DiaBram of Electric Heaters. 



switches from opening when they are once closed and allows the 
operating coils to open an air valve each time the current through the 
limit switch coil falls below the amount for which it is set. The 
contacts which close the holding coil circuit on each valve whenever 
a main switch is closed, are called interlocks and are indicated on the 
diagram. 

The main line circuit breaker, w^hich is electro-pneumatically 
operated, will jpen automatically on overload and can be reset by 
the motorman on all the cars of a train by closing a sw-itch located 
beside each controller. 

CAR HEATERS. 

Electric Heaters for warming cars in winter, consist of iron 
wire coils which are warmed by the passage of electric current through 
them. The heat so evolved varies as the resistance multiplied by 
the square of the current. The iron wire coils of the heater are 
moimted on non-combustible insulating supports, and are arranged 



ELECTRIC RAILWAYS 



85 



so that there is a free circulation of air through them. The coils 
are surrounded with a perforateil metal case, the object of which 
is to prevent injury to the coils and to prevent persons or clothing 
coming in contact with the hot, live wires of the coils. Heaters are 
sometimes arranged so that they can be connected in series or parallel 
to give different degrees of heat. 

The diagram, Fig. 29, shows the most common arrangement of 
electric heaters recently. The tap from the trolley should be taken 
off on the trolley side of the circuit breaker. After passing through 
a fuse the circuit goes to the switch. Each of the heaters contains 
two coils, one of higher resistance than the other. Two independent 
circuits are run from the switch, through the heaters and to the 
ground. One circuit passes through the high resistance coils of the 
several heaters while the other goes throug! the low resistance coils. 
The switch has three points. On the first point a circuit is made 
through the high resistance coils. The second point connects the 
low resistance coils while the third point puts both circuits in service. 
With this arrangement three gradations of heat may be obtained. 

To avoid complicated wiring sometimes but one circuit is em- 
ployed. In such a case the heat must either be all on or ofT, no 
gradations being possible. 

Tlie chief difficultv encountered with electric heaters is the 
breaking of the wires l)ecause of the scale of oxide that forms gradually 
when they are run at a high temperature or because of water striking 
tliem from passengers' clothing on wet days, which causes the wires 
to snap. 

The Consolidated Car Heating Company gives the following 
data on the current required to heat cars: 
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In Iii3 Electrical Engineers' Haral Bo:>k, Mr. Foster gives results 
of tests made on BrookJvn cars as follows: 
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When not watched carefully consi<lerable current may be wa.sted 
by allowing the heaters to remain turned on when not needed Many 



companies Iiang oiit signs where niotomien may obsen-e them, indi- 
cating when the heaters shall be turned on and to what point. 

The best practic-e in electric lieating is to have plenty of heaters 
and run the wire at a low temperature, rather than attempt to heat 
with a few at high teni|>erature. The greater the number of heaters 
the larger the ra<!iating surface around which the air can circulate 
and a given amount of car heating can Iw accomplished with less 
current than with a few high temperature heaters. The depreciation 
of the heater wires is less the lower the temperature at which they 
are operated. An electric heater is shown in Fig. 30. 

Hot-Water Heaters are fre<|uently u.sed on large electric cars. 
Hot-water pipes are placetl along the sides of the car, and connecte<l 
with a sfove containing hot-water coils at one end of the car. The 
water, as it is heatei 1 in the stove or heater, expands, and consequently 
l)e<'omes lighter per cubic inch or other unit of volume; it therefore 
tends to rise when balance<l against the colder water in the car pipes. 
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Hot water leaves the top of the heater, flows up to an expansion tank 
and then down through the car piping, and hack to the bottom of the 
heater. The car piping slopes continuously down from the top 
connection to the bottom connection of the heater. At the top, 
an opening to the atmosphere is provided through a small water 
tank, called an expansion tank. This prevents water pressure 
bursting the pipes as they become heated, and allows any steam 
that may have formed to escape. The most modern hot-water 




FiK- HI. Pipes for Hot- Water Heating. 

heaters for cars are completely closed except as to the ash pit at 
the bottom and a small feed door in the top. The latter is locked 
so that the fire cannot come out even if the car is tipped over in a 
wreck. Fig. 31 shows the pipes of a hot-water heating installation. 

CAR WIRING. 

The wires from motors to controllers, when placed in exjK)sed 
position under the car, are bunched in cables or covered with hose. 
In some cases special runways are .provided in the bottom of the 
car to accommodate the car wiring. All the wiring in a car should 
be heavily insulated with moisture-proof rubber-<*overed wire, and 
further protected from mechanical abrasion by a tough outer covering. 

Stranded nibber insulated wire is used almost exclusivelv for 
wiring all parts of the car. A general idea of the path of the motor 
circuit wiring may be obtained by reference to Fig. 22. The main 
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lead after leaving the trolley stand is cleated to the trolley board on 
top of the car. At the end of the car it passes through the roof and 
to the circuit breaker. On leaving the breaker it is led down a jx)st, 
through the floor and to the choke coil and lightning arrester under- 
neath the car. It then passes to the trolley terminal of the controller. 

Tlie tap for the light wiring (although shown otherwise in the 
drawing) is usually taken off the main circuit before the circuit 
breaker is reached. This arrangement allows the lamps to l)e 
burned when the circuit breaker is open. After passing through 
fuses and switches in the motorman's cab the circuit for the lights 
is led through the car in moulding concealing it. 

The wires running between the motors, controllers and resistance 
frames underneath the car, as has been stated, are often carried 
in canvas hose. Usually two- cables are made up, for should all the 
wires necessary be placed in one cable this would l)ecome too bulky 
to be properly deated up. To make the canvas hose waterpr(K)f 
and to pn)long its life it is usually given several coats of asphaltum 
paint. 

The wiring of the new cars of the New York subway is an 
example of the most advanced practice. All the wires under the 
cars are carried in "loricated" conduit, which consists of a wrought- 
iron tube heavily enameled both inside and out. The motor lea<ls 
and the other larger wires are carried in separate conduits. The 
conduits are usually hung to the steel beams of the floor framing 
by strap bolts. This method of wiring gives a reasonable assurance 
that it will not become defective. Moreover, it lessens fire risk. 
The conduits are all grounded .and should one of the wires come in 
contact with the conduit carrying it, the dead ground resulting would 
( ai'.se the fuse to blow instantly, and all danger woukl cease. 

RESISTANCES. 

The type of resistance now most common for heavy motor 
ecjuipment is in the form of cast-iron grids, which are assembled 
together and connected in series. These grids are sufficiently stiff 
to render unnecessary any solid insulation between them, and hence 
they can radiate heat to the l3est advantage. The only difficulty 
exj)erienc*ed with them is from the warping or cracking. Resistances 
for lighter equipment are composed of sheet-steel ribbons wound 
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in toils. Ea«'h turn of n coil is insulatcil from tho next l»y asbestos. 
Otlier forms of sheet-steel resistance with aslK-sto-s insulation lietween 
the tnnis, have also lieen ii.sed. In Fig. 32 is shown a \Yest inghou.se 
trriil type (liverter for street railway eciTiipnient. 

BLECTRIC CAR ACCESSORIES. 
Canopy Switch. An overhead switch, sometimes called a 
"canopy switch," is commonly placed over each street-car platform 
where a controller is liM'ated, usually in the deck ur canopy al>ove 
the niotormini's lieail. This is simply a sinple-point switch that 
iiiav 1)€ nsed by the motorman to cut the tn)lley current off from the 



controller wiring so that tin; c<mtrollers will lie^ ah.sohitely dead. 
When two such switches arc used, one on each end of the ear, they 
are comiectetl in scries. 

Car Circuit Breaker. l're<|uently on large ecpiipnients an 
automatic circuit lircaker is provideil instead of this overhead .switch. 
This circuit breaker can he tripped liy hand to ojh^u the circuit when- 
ever <lesired; and is also eipiipj^ed with a solenoid magnet, which can 
he wljusted so that it will trip or o|»en the circuit breaker at approxi- 
mately whatever current it is set for. Tlii.s circuit breaker protects 
the motor and car wiring from exce.s.sive current, such a,s would 
occur in lase of a short circuit in motims or car wiring, or in ca.se the 
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motorman turned on current so rapidly as to endanger the windings 

of the motors. Circuit breakers, however, are most commonly used 

on cars having controllers located at only one end in a motcrman's cah. 

Wiring of Circuit Breakers and Canopy Switches. Figs. 
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33, 34, aiul 35 show the inetlicxls of wiring circuit breakers and canopy 
switches for double-end cars. 

In the parallel connection as shown in Fig. 33, the trolley leatls 
after passing through the choke coils go directly to the blow-out 
coil of the controllers. Aside from the fact that two lightning arresters 
and choke coils are required, this method is preferable for automatic 
circuit breakers. 




o 

L 




Fig. 34 shows tlic hand -operated circuit l)reakers connected 
in series. This metlKxl is used where non-automatic breakers are 
employed, but for automatic breakers it has the objection that an 
overload would throw the breaker set at the lowest point. This 
might be the breaker on the opposite end to that occupied by the 
motorman and in such an event woukl necessitate a trip to the other 
end to set the breaker. 
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Fig. 36 shows a method of parallel connection requiring but one 
lightning arrester. This method has the objection that the motomian 
on the front end would have no assurance that by throwing the 
breaker over him the power would be cut off. The rear breaker 
might have been carelessly left set. 
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Fuses. A fuse is placed in series with the motor circuit before 
it enters the controller wiring, but where circuit breakers are used 
instead of canopy switches, the fuse box may sometimes \ye dispensed 
with. The fuse box on street cars is usuallv located underneath one 
side of the car Inxly where it is accessible for replacing fuses, but 
where a motorman's cab is used, the fuse may be 
placed in the cab. The fuse may be of any of 
the tyj)es in connnon use, either o[)en or enclosed. 
In the Westinirhouse fuse box it is necessarv only 
to oj>en the box and drop in a piece of straight 
copper wire of the right length and size. The 
closing of the box clamps this wire to the termi- 
nals and establishes a circuit through the chop- 
per wire lus a fuse. Of c*ourse this copper wire 
is of small enough size to be fused by a danger- 
ously heavy current. 

Lightning Arresters, A lightning arrester 
is used on all cars taking current from overhead 
lines. The lightning arrester is connected to the 
main circuit as it comes from the trolley base, 
before it reaches any of the other electrical de- 
vices on the car, so that it may afford them protection. A common 
tyj)e of lightning arrester is shown in Fig. 30. One terminal of the 
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lightning arrester is connected to the motor frame so as to ground 
it, and the other is connected with the trolley. In most fonns of 
lightning arrester, a small air gap is provided, not such as to per- 
mit the 500-volt current to jump across, but across which the light- 
ning will jump on account of its high potential. To prevent an 
arc being established across the air gap by the jx)wer house current 
after the lightning discharge has taken place and started the arc, 
some means of extinguishing the arc is provided. In the General 
Electric Company's lightning arrester, the arc is extinguished by 
a magnetic blow-out, which is energized by the current that flows 
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through the lightning arrester. The instant the discharge takes 
place the current flows across tlie air gap. The magnetic blow-out 
extinguishes the arc, and this opens tlie circuit, leaving the arrester 
ready for another discharge. In the Garton-Daniels lightning 
arrester a plunger contact operated by a solenoid opens the cir- 
cuit as soon as current logins to flow through the arrester. Tliis ^ 
plunger operates in a magnetic field, which extinguislies tlie arc. 
A choke coil, consisting of a few turns of wire around a wocxlen 
dnmi, is placed in the circuit leading to the motors at a point just 
after it has passed the lightning arrester tap. This choke coil is 
for the purpose of placing self-induction in the circuit, so that the 
lightning will tend to branch off through the lightning arrester and 
to ground, ratlier than to seek a path through the motor insulation 
to ground. 
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Often, however, the choke coil is omitted, the coils in the circuit 
breaker and the blow-out coil in the controller being depended upon 
to prevent the lightning charge from passing. 

Lamp Circuits. The lamp circuit of a .car is protected by its 
separate fuse box, and usually each lamp circuit has a switch. As 
explained before, five 100-volt or 110-volt lamps are placed in series 
between the trolley wire side of the circuit and ground. If one lamp 
in the series burns out, of course, all five are extinguished until the 
defective lamp is replaced with a new one. Enclosed arc lamps 
are sometimes used for car lighting. 

Cars to be operated from either end are often wired so that by 
turning a sw-itch the platform light on the front end, a light for the 
sign and another for the headlight on the rear end will be extinguished 
and corresponding lights on the rear and front ends lighted. This 
is accomplished by the method of wiring shown in Fig. 37. The 
interior of the car is lighted by six lights. Headlights of 32 candle 
power are used. This method requires the use of two switches. 
In all light wiring schemes a switch should l>e placed on the trolley 
side of the lights. This permits the current to be cut off in the event 
of a ground occurring in the system. 

On interurban cars arc headlights are almost invariably used 
The circuit for the headlight after passing through a switch in the 
motonnan's cab goes through a resistance frame usually imderneath 
the car and terminates in a socket near the car bumper. The brackets 
on which the lamp Is hung are grounded so that whenever the plug 
from the lamp is inserted in the socket and the switch in the cab is 
turned on, the circuit is made. 

Usually there is a pressure of about 60 to 70 volts at the terminals 
of the lamp. The remainder of the voltage drop, from 500 or 600 
volts (or whatever the line may be), is in the resistance under the car. 
The current through the lamp is usually about four amperes. With 
60 volts at the arc and 500 volts on the line, this gives a consumption 
ill the lamp of 240 watts and a loss in the resistance under the car of 
2,(KK) watts, or about 90 per cent. The use of the headlight resistance 
to cut the voltage down is therefore a veiy inefficient method. Some 
schemes of wiring use the incandescent lamps used in lighting the car 
as resistance for the headlight. Another way is to light tlie interior 
of the car with arc lamps placed in series with the arc headlight. 
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Trolley Bas«. The trolley I>ase upon which the trolley (Kile 
ywivels, and which furnishes the tension that holds the trolley wheel 
against the wire, is designed to maintain, by means of springs, an 
approximately even tension against the trolley wire, whether the 
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trolley wire is high above the tnick or near the car roof. 'Iliis is 
done liy changing the relative leverage which the springs of the 
trolley base have on the trolley jmjIc acconling to the height of the 
trolley jxila. 

Fig. 38 shows one form of trolley base. The trolley base is 
bolted to a plattonn constructed 
for it on the roof of the car; and 
the supply wire to the motors and 
other electrical devices on the car, 
except in ca.ses where a wotxlen 
trolley pole i.s used for <-ertain 
special rea.sons, is connecteil di- 
rectly to the trolley base. An in- 
sulated trolley wire is run down 
the woollen trolley iM)le, aild con- 
ne<'ted thn>ugh a flexible leaii to 

tng.si. TToiiey waeei. , . . 

the car wiring. 

Trolley Poles. The trolley poles in general use are of tubu- 
lar steel, which gives the greatest strength for a given weight, and 
which can usually lie straightene«l if the ix>le has been bent by striking 
overhead work when the trolley wheel leaves the wire. 

Trolley Wheels. Trolley wheels are from four to six inches 
in diameter over all, the small wheeb being used in the city service, 
and the large wheels in high spool interurhau service. A tj-piral 
trolley wheel is shown in Fig. 3!). Various coinpanie.s tuse various 
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forms of groove in the trolley wheels, some adopting a groove approxi- 
mately V-shaped. The U-shaped groove, however, is the most 
common. The trolley wheel is made of a brass composition selected 
for its toughness and wearing qualities. 

Trolley Harp. The trolley harp, which is placed on the end 




Fig. 40. Trolley Harp. 

of the trolley pole and in whicli the trolley wheel revolves, usually 
has some means for making electrical contact with the wheel in 
addition to the journal bearing. In the harp illustrate<l in Fig. 
40, which is a typical form, this additional contact is secured by a 
spring bearing against the side of the hub of the wheel. 

Since trolley wheels re- 
volve at a very high speed, some 
unusual means of lubrication 
must be provided, since there 
is no opportunity for onlinarj' 
oil or grease lubrication. 
(Jraphite, in the shape of what 
is called a "graphite bushing," 
is most commonly used. This 
is a brass bushing, which is 
pressed into the hub of the vitr.u. Third Kaii shoo. 

trolley wheel. In this bushing 

is a spiral groove filled with graphite which is supposed to furnish 
sufficient lubrication as the bushing wears. Roller-bearing trolley 
wheels have been used to a limited extent, with considerable success 
in some cases. Some companies have done away with the graphite 
bushing, and have provided a very long journal for the trolley wheel 
instead of the usual short bushing. 

Contact Shoes. The contact shoe most commonly used on 
roads employing the third rail is .shown in Fig. 41. This is simply 
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a shoe iif cast iron hung loosely by links. The weiglit of tlie shoe 
is sufficient to give contact. Tlie motion of tlie links j>erniits the 
shoe to act'ommodate itself to unusual ohstruftlons an<l variations 
in the height of tlie tliinl rail. The slioe h fa-stene<J to tlie truck 
frame by means of a wooden plank which fiiruislies the neressarj' 
insulation. 

The Potter thinl-rail slioe whicii has l)een u.sed to a limited 
extent, employs a .spring for giving the net^ 
e.s,sury ten.sion to make electrical contact 
between the -shoe and the thini rail. In 
some ways this is superior, l>ecau.se a spring 
tension is <niicker in its action than gravity, 
and the shoe acconimo<lates itself better to 
variations In the height of the tliinl rail at 
very high s[»ee(l. The wear on the shoe, 
lKiwe\er, i.s likely to W greater. 

Sleet on Trolleys and Third Rails. 

Tlie deposit of sleet on trolleys and tliird 

rails hiiKJers greatly the operation of cars. 

riB. «. Rk*twiit4-i. Often sleet wheels of the type sliown in 

Fig. 42 are used as a trolley wheel, 'i'hese 

cut the sleet off instead of n>lling over it. 

On the third rail, scrai>ers and brushes in advam* of the contact 
sh()e are usually effective where trains are fre<iueiit. Heveral roads 
are now melting the sleet on the rails by the use of a -solution of calcium 
chloride. The solution is stored in a tank on tlie car ami is leil tlmmgji 
small ])ipes to the rail immediately in front of the c-ollectlng .shoe. 
Alx>ut one gallon of solution is used per uiiie, making the cost about 
71 tents per mile, llie effects of one treatment last for two or three 
hours during tlic continuance of a storm. 

Solutions of ct)mnion .salt have l>e<'ii used in the same manner, 
but it is ckiined that the comMling action on the iron uf the calcium 
diluride is not n^ great as that of a salt solution. 

TRUCKS. 

Electric railway cars are cliissilitii gcncral'y as (loiihlr-lrurh and 
sinyk-iruck cars. Dcmble-liiick cars are Uu.sc that have a truck 
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that swivels at each end of the car. A single-truck car is one having 
four wheels. 

Sins^Ie Trucks. A great many types of single trucks have 
been designed. It would be out of the question to discuss them 
all here. In general, how-ever, it may be said that truck builders 
have aimed to make a truck frame in itself a complete unit inde- 
pendently of the car body, so that the car body will simply rest 
upon the trucks and there will be no strain on the car body in main- 
taining the alignment of the truck. Most single trucks, therefore, 
consist of a rectangular steel frame, either cast or forged, riveted 
or lK)lted together. This frame holds the journal boxes in rigid 
alignment. L^sually a spring is placed between each journal box 
and the truck frame. This spring may be either spiral or elliptic. 
The principal springs, however, are between the truck frame and the 
car body. Most truck builders have used a combination of spiral 
and ellij)tic springs between the car body and truck frame, as this 
combination is considered to give l>etter riding qualities and greater 
freedom from teetering or galloping than either spiral or elliptic 
springs alone. Fig. 43 shows a Brill single truck, which illustrates 
all of the features enumerated. 

Swivel Trucks. Swivel trucks, commonly called double trucks, 
are macfe in manv forms, but the most common is that known as the 
M. C. B. type of tnick. This truck is similar to the standard truck 
whi(»h is in universal use on steam railroad passenger cars in the 
United States. Different truck builders have introduced many varia- 
tions in this general type of truck, in adapting it to electric service. 
Some modifications from the steam railroad standard truck were 
necessary to accommodate the electric motors and to j)ermit in some 
cases a low-hung car Ixnly. Such trucks are made in a great variety 
of sizes. 

Fig. 44 shows one of these trucks built by the St. I>ouis Car 
Company. In this type of truck the car Ixxly is fastened to the 
tnick only by the kingbolt on which the truck swivels. This kingbolt 
is placed in the center of the tnick lK)lster. There are also side 
bearings between the car body and the ends of the bolster, to prevent 
tipping of the car body when it is unbalanced. The arrangement 
of this part of the truck is shown in Fig. 45. lender this bolster are 
elliptic springs which rest on what is called the spring planL lliis 
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spring plank is Lung 
fn>tii the roctangiiliir 
fr.itne of tiie truck by 
links ^^'liicli allow a 
aide motion. This 
side motion gives eas- 
ier riding, especially 
upon entering and 
leaving curves. All 
trucks having this 
feature are known a.s 
siring holster Irueha. 
The weight, being 
transmitted to the 
transom and truck 
frame through the 
swinging links Just 
referred to, is then 
taken by tiie etjualiKer 
springs that .sup|H>rt 
the rectangular tnick 
frame on etjualizing 
liars, which efjtialiKing 
hars rest on the jour- 
nal l«»x at either tni\ 
and are bent down 
t(j accommodate the 
•"•rings located be- 
tween them and the 
truck frame. The 
truck frame holds the 
journal Ixjxes in align- 
ment liy means of 
guides which permit an 
up-and-<lown move- 
ment without mnve- 
. si.LouisCarcompanyrruc-k. "lent in any other (li- 
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rcftion, just an on all otiicr types of triK'k. It is tliiis m'cii tliat there 
.ire two sets of sjmiifip* tietween the car Ixxiy ami car journals; one 
.set of spiral springs lietwoen the eqnalizinf; liar anil trnck frjime; 
and one st^t of cUiptic springs lietween the sprinj:; plank an<l tlie 

- rO. rh ,ai>/sfer r-l , Transom 

^ 




Fie- 'S- nalster, I-liilnnnil Spring PlanV. 

bolster. All shocks must lie transmitted first tlirongh the spiral 
sjirings anil then through the elliptle springs. The motors nseil 
on this tj-pe of truck usually liave nose snsjiension, the nose of the 
motor resting either on the bolster of the truck or on the truck frame. 




There are a number of swivel tnicks made which have (lei)arteH 
consiilerably from II. C, B. lines, but nearly all retain the features 
of a bolster mounted by springs' on a si>ring plank, a spring plank 
hung from a transom, a transom rigidly fastened to the rectangular 
truck frame of which it forms a part; and a truck frame with one 
or more sets of spiral springs between it and the journal boxes. 
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Maximum Traction Trucks. A type of swivel truck that 
onre was very popular hut has largely heen superseded hy the type 
just deserihed is the "maximum traction truck." This truck ha.s 
two large wheels on an axle which carries 00 to 70 per cent of the 
weight on the truck, and two small wheels carrying the balance 
of the weight. The motors are on the large wheels. 

Car Wheels. The car wheels most commonly used are of 
cast iron. In order to make a tread and flange ujK)n which the wear 
comes, hard enough to give a gcxxl mileage, the tread and flange are 
chillal in the process of casting. Around the periphery of the mould 
in which the wheels are cast, is a ring of iron instead of the usual 
sand. When the molten cast iron comes in contact with this ring 
of iron, which is called a ** chill," the iron is cooled so suddenly 
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Flg. 47. Elevated Car Axle. 



that it becomes extremely hard. The balance of the w^heel, cooling 
more slowly since it is surrounded by sand, has the hardness of 
ordinary cast iron. A steel tire wheel is shown in Fig. 46. 

Wheels with steel tires are coming into use for elevate<l and 
interurban cars because their flanges are not so brittle as those 
of cast-iron wheels. In wheels of cast metal there is always a 
liability that the flanges and trea<l will chip and crack. On high- 
speed cars the falling-out of pieces of flange may be a serious matter 
and result in a wreck. Steel-tired wheels have a hiil) and spokes 
either of cast or forge<l steel or iron. On to this wheel a steel tire 
is shrunk. The tire is heated in a furnace built for the purpose, 
and is then slipped over the wheel. It is made just such a size 
that it will slip over the wheel when hot, and when it is cool it 
will shrink enough to make a very tight fit. When the tire is to be 
removed after it is worn out, it is heated until it has expandetl suffi- 
ciently to drop off. • 
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All axle fur elevatw! car is shown in Fig. 47. 

When (just-iron wheels are worn f<i an iinprojter .shape or have 
flat s[K>ts upon them, «lue to the .shihii;; <if the wheels with the brakes 
set, an emerj' wheel grinder must be nse<l to grind tliem down, 
as nothing else is hard enough to have any effect on the iron. 

D/ame/er of cM/^mo/efs for 33" 
whee/s foJ>e 33j' /or 30" whoe/s 
to £m 3oi" maaswred on //neA-B 



M. C B. Flanfte. 

\Vlien steel-tired wheels are worn, they can l>e put in a lathe 
and the surface of the tire turned olT, as this surface is of metal soft 
enough to he workaJde with ordinary tools. 

/ITie tyi>es of wheel trea<i and wheel flange in use vary greatly 
among different electric railways. There is a standard Master Car 




Builders' wheel tread used on steam railroads, which is shown in 
l"ig. 4S. Electric railways, however, are usually obligwl to use 
a smaller flange and narrower tread. Street railway special work, 
such as switches and crossings, usually has too shallow a flange 
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way to permit a standard ]\I. (\B. flange to 
pass through. Some street raihvays use flanges 
as shallow as J-inch, although J-inch is most 
common on city work. The width of the tread 
on street railway cars, that is, the width of the 
wheel where it bears on the rail, is usually from 
If inches to 2 J inches. There is a tendency, 
however, on electric railways, on account of 
the increasing number of interurban cars which 
must use city tracks, to build tracks that will 
accommodate wheels approaching the ]\I. C B. 
standard of steam roads. A few roads have 
adopted wheel treads and flanges very near 
to the M. C. B. standard. 

Brake Rigs^ing:. The brake rigging on 
a single-truck car may be arranged in a 
variety of ways, but should be such that a 
nearly equal ])rcssiire will bo brou^rlit to bear 

on the brake shoes on all four wheels. A 
typical arrangement of brake shoes and levers 
for single-truck cars is shown in Fig. 40. The 
rods R terminate in chains winding around 
the brake staff upon which the motorman's 
handle or hand w^heel is mounted. 

For double-truck cars the brake rigging 
is necessarily more complicated, as it must 
be arranged to give an equal pressure on all 
eight wheels of the car. Brake shoes are 
sometimes placed between the wheels of a 
truck and sometimes outside. The arrange- 
ment of brake shoes between wheels is appar- 
ently finding most favor, as when the shoes 
are applied in this position there is less tend- 
encv to tilt the truck framo when the brakes 
are applied, and this adds to the comfort of 
passengers in riding. Fig. i>0 shows one form 
of arrangement of brake levers common on a 
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double-truck car c(juij)jRHl with air brakes, with inside-hung 
brake shoes. 

Brake Leverages and Shoe Pressure. Tlie levers between 
the air cylinder and the brake shoes are usually so proportioned that 
with an air pressure of 70 lbs. per sq. in. in the brake cylinders the 
total of the brake shoe pressures on the wheels will be equal to about 
IH) per cent of the weight of the car. The diagram Fig. 51 has shoe 
pressures and strains in the several rods marked on shoes and rods. 

The following example, based on the diagram, will explain 
the lever proportioning. Only round numbers are given on the 
diagram. 

Assume a four-motor car weighing 40,000 pounds. A brake 
cylinder 7 inches in diameter is used. This gives 38.5 square inches 
and at 70 pounds air pressure a total force on the piston rod of 
2,695 pounds. The weight of the car is 40,000 pounds. Taking 
90 per cent of this gives a total of 36,000 pounds to be exerted by 
the brake shoe when an emergency stop is made. Each of the 
eight shoes will press against the wheels with a force of 4,500 
pounds. 

• The dimensions of the truck are such that the "dead levers," 
those fixed at one end and which carry shoes, cannot be over 13 
inches long. The shoe will be hung three inches from one end, 
making the proportions 10 to 3, and the pressure on the strut rod 
between shoes will be 4,500 X {I or 3, 461 pounds. To clear the 
truck frame the live lever extends 14 inches above the point of 
application of the brake shoe. To obtain 4,500 pounds pressure 
on the shoe, the distance between the brake shoe and the strut 
rod, which we will call "ar," will be found by regarding the upper 
end of the lever as fixed and the power applied at the lower end. 

4500 = 3461 X -^^1^ or 

X = 4.2 inches. 

Now to obtain the force required in the rod to the truck quad- 
rant, the bottom end of the live lever must be regarded as the 
fulcrum. The equation is 

4 2 
X = 4500 X -r^'j = 1038 pounds. 



ELECTRIC RAILWAYS 



55 



J 




§ 




« 




t 





;^^ 



*v* 



ee 
u 

■d 

a 



tf. 



CO 

u 

n 

c 
B 



(« 



As the pull rods from eacli side 
of the truck are attached to the 
truck quadrant, the stresses in 
the brake rods are double this, or 
2,076 pounds. 

The position of the brake cyl- 
inder under the car restricts the 
length of the '*Hve" and "dead" 
cylinder levers to 16 inches. To 
obtain 2,076 pounds pull on one 
end of the levers with the 
previously computed 2,695 pounds 
on the other, the proportions 

2076 
must be 



X 

16 



= ^77, Since 



4771 

2076 + 2695 --- 4771. Then x 
z= 7 inches, the distance from the 
brake piston to the pivotal point. 

Since 2,695 pounds pressure is 
exerted and 36,000 pounds results 
the proportion of the whole system 
of levers is 36,000 to 2,695 or 13.3 
to 1. In other words the travel 
of the piston in the cylinder will 
be 13.3 times that of the shoes if 
there were no lost motion to l>e 
taken up. The piston travel 
should be from 4 to 5 > inches. 
This gives about |-inch travel of 
the brake shoes. Increased travel 
of the brake shoes necessary to set 
them as they wear away causes 
increased travel of the piston of 
the air cylinder. Not only is 
more air used at each application 
of the brakes but the brakes are 
slower in acting. It is therefore 
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necessary to adjust the brakes frequently. This is done in the sys- 
tem shown in the diagram by the use of a tumbuckle in the con- . 
necting rod between the live and dead levers of the truck. 

When two motors are on one truck and none on the other, 
allowance must be made in the levers for the increased weight of 
the motor truck and the inertia of the armature. The leverage 
on the motor truck must be greater than on the other. 

Air Brakes. Air brakes used on electric railway cars are 
usually of what is called the straight air brake type in distinction to the 
Westinghouse automatic air brake, A straight air brake is one in 
which the air is stored in a reservoir; and, when the brakes are to be 
applied, air from this reservoir is turned directly into the brake 
cylinder, in which works a piston operating the brake levers. Air 
admitted behind the piston forces it out with a pressure which applies 
the brakes. When the air is let out of the brake cylinder, a spiral 
spring forces the piston back to its original position and the brakes 
are released. The motorman's valve by which he applies the brakes, 
therefore, provides, first, for turning air from the storage reservoir 
to the brake cylinder to apply the brakes, and, second, for closing 
the opening to the storage reservoir and opening an exhaust passage 
from the brake cylinder so that the air can escape from the brake 
cylinder to release the brakes. 

Straight air brakes of this kind would not be suited to the opera- 
tion of long trains, because, if the air-brake hose connection between 
cars should be broken, the brakes would be useless; but for trains 
of one or two cars, Jsuch as are common in electric railw^ay practice, 
the simplicity of the straight air brake outweighs its disadvantages 
and this is the type of brake usually employed. (See Fig. 52.) 

The Westinghouse and other forms of automatic air brake are 
used on electric railways where cars are operated in long trains; 
but it is out of the province of this paper to describe these brake 
systems fully, a,s they are rather complicated. It may be said in 
general, however, that the Westinghouse automatic air brake is so 
arranged that, should the hose connection between cars be broken, 
should the train pull in two, or should anything happen to reduce 
the pressure which is maintained in the train pipe that runs the 
length of the train, the brakes woukl immediately be applied on 
the entire train. 
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Compressors. A small air cnmpressLr 
driven by an electric motor is frequently 
employed on electric cars to keep the 
storage resenoir of the car supplied with 
iiir. These air compressors are carried 
under the car or in the motorman's cab. 
'ITiey are generally arranged with an auto- 
matic device which closes the motor 
circuit and starts the motor as soon as 
the air pressure falls below a certain 
amount; and the motor will continue in 
operation piunping air imtil the pressure 
rises to the aniotmt for which the auto- 
I inatic device is set. The pressure carried 
S. in the storage reser^■oir is usually from 
a (H) t;) iK) pounds per stpiare inch, which, 
^ as !L general thing, is considerably more 
* than is re(|uired to apply the brakes hard 
£ enough to slide the wheels. 
^ Automatic Qovernor for Air Com- 
S pre5Sors. Aulomatic governors are often 
'i installed in coiuiection with air compre.s.s- 
" ors in order that a fairly even air pressure 
-'• maybe maintained in the .storage re.servuir. 
% In these the fall and ri.se of the air pres- 
sure within certain limits clo.ses and opens 
tiie circuits to the motor. In some styles 
llie air acting i»n a piston operates the 
circuit breaker. 

The diagram shown in Fig. 53 shows 
the principleof the Christensen governor, 
in wliieli the air pressure is employcti 
to make and break a secondary circuit. 
When the pressure in the .storage res- 
ervoir falls Iwlow a predetermined value, 
the hand of the air gauge makes con- 
tact with lug A. This closes the cin'uit 
throngh .solenoid No. 1. Lug 1), niechaii- 
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ically connected to the armature of the solenoids is pulled in con- 
tact with lug (/, and this closes the circuit to the motor, and 
shunts the winding of solenoid No. 1. When the air pressure rises 
to a predetermined value the hand of the air gauge is thrown in 
contact with lug B. This energizes^ solenoid 2 by connecting it 
across the motor terminals. The armature is pulled to the right 
and the circuit to the motor is })roken. When this is done it is evident 
that the current through the energized solenoid is broken. It is 
evident from tlie description that current {)asses througli the solenoids 
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only during the sfiort jKjricxis that the armature is moving from one 
position to the other and the air gauge never has to break a circuit 
in which there is an appreciable voltiige so that there is no arcing at 
lugs A and B. 

A blow-out coK m series with the motor _s provided immediately 
under lug C which extinguishes the arc at that point when the motor 
circuit is broken. 

A Westinghouse air compressor is shown in Fig. 54. 

Storas^e Air Brakes. The storage air-brake system (iocs not 
have a small independent compressor on each car, but \i^ ecjuipjHjd 
with a large storage tank, in which air is carried under high prCvS- 
sure — 250 to 300. pounds per scjuare inch. This storage tank is 
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filled at regular intervals when the car passes some point on its 
route at which a compreKsor is Wate<l. In this case the car is 
obliged to stop long enough to make connection to the tank of the 
c'ompressor plant, and to allow the car storage tank to he filled. 
This operation, however, does not take long. The lulvantages of 
the system are a saving of the weiglft and a saving in the mainte- 
nance of a small coftipress<»r on each car. From the mtun storage 
tank under the car, air is led through a reducing valve to an auxiliary 
storage tank. This re<lucing valve allows enough air to puss throngli 
to maintain a pres.sure of about 50 pounds [ler .stpiarc inch in tlie 



auxiliary storage tank. The auxiliary storage tank corresixtnds to 
the regular storage tank on a system employing conijjressors on each 
car. The methoti of operation after the air has enteral the auxiliary 
storage tank is the same as with any air-hrake system. 

Fig. 55 shows the arrangement of the apparatus under die cars 
of the St. I>ouis Transit Company. The two storage tanks are 
each f) feet long by 18 inches in diameter and are niountt<d one on 
each side of the car. Their combined capacity is e<iuivalent to al>init 
100 cubic feet at 45 lbs. pressure. The tanks are charge<l through 
an outlet near one side of the car. This outlet contains a check 
valve and cock to prevent leakage. 

'lite .service or low pres,sure reservoir has a capacity of about 
21 cubic fed. Tiie po.sition of the reducing valve between the high 
and low pressure valves may he noted in the ilhi.stration. 

Momentum Brakes. Alometitinn or friction brakes have been 
used to some extent l»oth on slngk'-truck and on double-truck cars, 
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but particularly on single-truck cars. They derive the power to 
operate the brakes from the -momentum of the car by means of 
a friction clutch on the car axle. The difference in various kinds 
of momentum brakes lies chiefly in the design of the clutch mech- 
anism. The clutch must evidently be arranged to act very smoothly, 
and must be under very accurate control, as the force with which 
the brakes are applied depends directly upon* the pull exerted by 
the clutch. 




Charging Coup/ihg 
Fig. 55. Arrangement of Storage Air Brake Apparatus. 

In the Price momentum brake a flat disc is cast on the car 
wheel, which is turned off to a smooth surface. Against this disc 
a friction clutch acts, which has a leather face. The clutch is operated 
by a motorman's lever through a set of levers. A small movement 
in the motorman's lever forces the clutch against the disc on the 
car axle. The clutch winds up the brake chain, and thus supplies 
power to apply the brakes. 

Other momentum or friction clutch brakes have been devised, 
most of which also use an application of leather on iron for the clutch, 
as this has been found to be most reliable, and to be least affected 
by the grease and dirt that is liable to work in between the clutch 
surfaces. 
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Q. E. Electric Brake. The (xeneral Electric Company's elec- 
tric brake makes use of current generated by the motors acting as 
dynamos, to stop the car. In -^rder to accomplish this, a brake 
controller is provided which reverses the armature connections of 
the motors, and so connects them to operate as dynamos sending 
current tjirough a resistance in the circuit; the amount of current 
flowing and the braking effect depending on the car speed and the 
resistance In some forms of brake controller, the two controllers 
are combined in one cylinder, so that the motonnan, to apply the 
electric brake, simply continues the movement of the handle past 
the "off" position. In others, the brake-controller drum is sep- 
arate, but is interlocked with the main controller so that it can be 
used only when the main controller is off. 

However the controller may be arranged, the principle in- 
volved is that when the motors are revolving by the motion of the 
car, and the armature connections are reversed as they would be to 
reverse the direction of motion of the car, the motors begin to generate 
current as series-wound dynamos. The amount of current generated 
and the retarding effect will depend on two things — namely, the 
speed of the car, with the consecjuent electromotive force in the 
motors, and the amount of resistance in the circuit. The amount 
of resistance is regulated by the motorman by means of his electric 
brake controller. The function of the electric brake controller is 
to reverse the motors and to insert enough resistance in the circuit 
to make a comfortable stop. This current in the motors acting as 
dynamos, in itself acts as a powerful brake to retard the motion of 
the car. In the General Electric tj'pe of electric brake, the current 
generated in the motors, in addition to having this retarding effect 
in the motors themselves, is conducted to brake discs that act as 
magnetic clutches against one of the car wheels on each axle. The 
car wheel has a disc cast upon it, and against this the magnetic disc 
acts. The magnetic disc contains a coil which is in series in the brake 
circuit. 

In applying an electric brake of this kind the motonnan first 
puts the controller on a point that inserts considerable resistance 
in the circuit. When the motors have slowed down, the electromo- 
tive force, of course, drops, so that to maintain the same braking 
current there must be a re<luction of the amount of resistance, until, 
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when the lht is ahiiost itt u standstill, the resistance is iiearh all cut 
ont It might seem at hrst that the current would die down before 
the car lanie to a stop hut it is found that there is enough induttion 
in the motor helds to tause current to flow for a short tune after the 
car ha* stopped The reswhial magnetism m the steel m the fields 
of the motor is sufficient to cause the motors to l»egm to generate 
current when the elec tric-ltrake controller is first turned on 

The greatest athantage of an eleilnt hrake iishig motors as 
generators is in the fact that the liraking current instantly falls in 
value as sixm as the wheels begin to slide, and releases the brake 



until the wheels again revolve. In fact, it i.s alm<i>;t iinjiossilile to 
skid the wheels as they are sometimes skidded by lieing loikeil by 
brake shoes. This not only prevents flat wheels but insures a i{ui<-k 
stop, because when the wheels are locked and sliding, the bnikiiig 
or retarding [mwer is only alxmt one-third what it was before the 
wheels Ivegan to slide. The eWtric brake re(|uirt's extra large 
motors because of the heating caused hy the current generated 
while braking. 

Westjnghouse Electromagnetic Brake, 'i'hi^ Wcstinghou.'ie 
magnetir brake is in principle similar to the (ieneral Kh-ctric brake 
iis far as the use of motors as generators is concerned; hut, instead 
of assisting the motors by means of a magnetic brake diw acting 
against the car wheel, a magnetic brake shoe is used (see Fig. ribl, 
which acts against Imth car wheel ami track. This not onlv retanls 
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through the medium of the wheels but acts directly on the trai'k. 
It is not dependent upon the coeflScient of friction between the wheels 
and track; and it should, therefore, be possible to stop much more 
quickly than with any form of brake depending upon the coefficient 
of friction between the wheels and track. 

Track Brakes. Track brakes have been used to some extent 
on very hilly electric roads. These have a shoe fastened to the 
truck frame, which acts directly on the track. 

Motors as Emers^ency Brakes. The motors can of course 
be used to brake the car by simply loveirsing them if current is applied 
to them from the line. But in case the trolley flies off or if the circuit 
breaker or the fuse opens the circuit, or the supply of current is inter- 
rupted for any other reason, they may be used as brakes by throw- 
ing the reverse lever and moving the controller handle to the multiple 
position of a two-motor equipment or by simply throwing the reverse 
lever of a four-motor equipment. These movements throw the 
motors in multiple and connect the fields and armatures of the motor 
in such relation that they can generate current. One of the motors 
then acts similarly to a generator in a power house, deriving its power 
from the momentum of the moving car instead of from an engine, 
and sends current through the other .motor of the pair which acts 
like any auxiliary motor trying to revolve its wheels in the opposite 
direction from that in w^hich they are revolving. The motors of a 
four-motor equipment are permanently connected in two multiple 
groups as long as the reverse is not in the central position. In the 
two motor equipment such connections are not made until the con- 
troller handle is turned to the multiple position. As the externa) 
resistance is beyond the junction of the two motor circuits, the braking 
effect is not increased by cutting out the resistance. 

The difference in the residual magnetism of the fields or in the 
magnetic qualities of the fields of the two motors is primarily the 
cause of the generation of the current. The motors at first act in 
opposition, but one of them generates the higher voltage and forces 
a current through the other. This current overcomes the residual 
magnetism of the second motor, thereby changing its p<5larity and 
both motors then act in series to send the current through the low- 
resistance path afforded by the windings. Any current passing 
increases the strength of the fields and consequently the voltages, 
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s<> tliat uliiioriiial lurrunl.s ai-e ^orifraliil itiul tlie l>rakiiig action is 
C(»iise(|ueiitly severe. 

This (leiieratinf; action diies lurt take ])!ace before the reverse 
lever is thrown lie<'anse the connections of the amiatnres and fields 
are such that anv current generated hy reason of the residual magnet- 
ism of the fields, flows in such a direction^ through these that this 
magnetism is destntyed. The current then ceases to flow, '['his 
explains why current is nut generateil in No, 2 motor with a K tyj)e 



of contn)ller during the ('hange-«»'er period when it is short-cir<'uite<l, 
or in e<|uipments when the trolley fiies off and the ccmtroller is turned 
on. 

Brake Shoes. The sul>je<'t of brake shoes is of very little 
imp()rtuiK-e on the smaller cars traveling at slow s|)eeds and eon- 
tn>!leil alone l>y hand brakes. On the iai^er high speed interurban 
cars, the brake shoe (piestion l»econies an important item l)ecause 
of the rapidity with which they are worn away. On such cars shoes 
sometimes last hut alMuit one week. This .means eight shoes per 
week per <-ar or an expen.se of about S4.()0 per car yter week. 

llrake .shoes are usually <if soft gray ca.st iron with inserts of 
steel, although .some companies u.se very hani iron. They are usually 
fiistene^l by means of a key to a brake shoe head jjernianently attached 
(o the brake rigging. The brake levers are so adjuste<l that the shoes 
clear the wheels about i^o-iuch when the brakes are releaseil. This 
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(Hstance iiuTea,se.s as the shoes wear, so that the brakes must be ad- 
juste<l fre<iuently to take up the slack and prevent waste of air. 

Track Sanders. A spriukUng of sand on the rail increases 
wonderfully the adhesion of the rail and wheel. There is usually 
on cars some provision made for scattering sand on the rails imme- 
diately in front of the leading wheels. From sand boxes placed 
under the seats in the smaller cars, or on the truck of the larger 
ones, flexible hose or pipes drop within an inch or two of the rail 
in front of the leading wheels. A valve under the control of the 
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FIr. nP- Curves of Braking Tests. 

motorman regulates the flow^ of sand to the rail. Sometimes air 
pressure is used to blow the sand out of the sand box into the hose. 
In this case air pressure is obtained from the air brake system, and 
an air valve leading to the sand box is j)laced in the motorman 's 
cab. A section through a pneumatic sander of this kind is shown in 
Fig. f)?. 

Coefficient of Friction. It has been fouml l)y experiment 
that the coefficient of friction between the car wheel and rail is about 
25 per cent of the weight on the w^heel when the rails are dry; that 
is, a car wheel having a weight of 2,000 pounds upon it woukl not 
be able to exert either an accelerating or a retarding force exceeding 
25 per cent of this, or 500 pounds. This is when the wheel is rolling. 
There is apparently a kind of locking or inter-meshing of the rough 
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surfaces of whwil Jmd rail when the wheel is rolhng, because it is 
found that when a wheel Wgins to skid or slide, the coefficicHt of 
friction falls off about two-thinls. The niaximnin braking or re- 
tarding force that can be obt^ned, therefore, in a dry rail, amounts 
to 25 per cent of the weight of the car. If the rail is slippery this is 
much reduced; or if the wheels are allowed to slide it is also much 
reduced. If more retarding force than can be obtained through the 
medium of a wheel rolling on the rail is desire<l, it must be obtained 
either by the track brakes or by magnetism. 



FIb- W. Automatic Coupler. 

Rate of Retardation in Braking. The rate of retardation 
of cars in braking is usually 1 to 2 miles per hour per secon<l. In 
other words a car gi>ing at a .spee<l of 4(1 miles an hour will usually 
be stopped in 40 to 20 seconils. 

The plotted resiilts of some braking tests (Fig. 5S) show a higher 
rate of acceleration. These tests were made on an intcrurban car 
weighing about 63,000 pounds, equipped with straight air brakes. 
Of the six curves shown, that giving the highest rate of retardation 
i.s No. 4. 'J'his shows a stop fn)m a speed of 3W miles per hour in 
9i seconds or a rate of retardation of alx)ut 4 miles per hour per 
second. All of the curves shown are for emergency stops. They 
show alK>ut the highest rate of retanlation that could be maile with 
the etjuipment. 

Drawbars and Couplers. For small surface cars a crude 
drawbar is usually provide<i consisting simply of a straight iron bar 
pivoted under the car and provided with a cast-iron pocket near the 
end. A coupling pin passing through the pocket of one coupler and 
through a hole in the end of the bar of the other, holds the two cars 
together. 

The requirements of a coupler for heavier cars such as those 
used on interurban and elevated roads are more exacting. The 
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ends of the bars are usually pivote<i under the car about five feet 
hack from tlie bumper. A spring cushion intervenes between the 
piTot point and the drawbar liead. The i Must rations. Figs. rA) uml 
f)(), show the action of the Van Doni Automatic coupler, which is the 
one used by all the elevated lines in the I'nited States. The link is 
placed in one of the drawbar heads and the pin in the other. As 
the cars come together the wedge-shaped end of the link forces its 
way between the pin and a spring. When the faces of the drawbar 
heads meet, the spring forces the link to engage the pin. The 
mechanism is designed especially to prevent lost motion between 
coupler hea<ls because, unlike steam railroail <lrawbars, electric 
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far drawbars must swivel to round curves an<l a great amount of 
play at the point of coupling with swiveling drawbars would allow 
the couplers to l>end under a pushing strain. 

CAR CONSTRUCTION. 
Car Bodies. In cities there are three general types in com- 
mon use; namely, box cars, suited for winter use only; open cars, 
suited for summer use only; and .semi-convertible cars, which can 
be adapted to either summer or winter use. The open and box 
cars are the older types. The semi-convertible car is usually pro- 
vided with a center aisle, and cross seats on each side of this aisle. 
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'ITie windows are large, so that they can be lowers! or raised in 
summer to make something approaching the character of an ojien 
car. The car bottom, which forms the basis for the entire car 
structure, is constnictecl with longitudinal sills either of steel or 
of wood combined with steel. One form of cimstrut-tion employs 
as the main supports two steel channel liars exten<!infj the full length 




of the car, Stet-l l-U-aiiis are .sonietimes used. WIhtc wimmI is 
used in combination with sleel for longitudinal sills, tlie steel is usually 
in the form of flat steel plates between the timbers. Most cars seat 
about one pas.*enger per foot of length over all, 

Miiny more difficulties are met in the construction of pa.ssenger 
cars for electric railways than in steam coach conslniction. The 
electric car must have low steps and platforms and turn short curves. 
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The difficulties are largely in the floor framing of the car. The 
platforms at each end are usually eight to ten inches lower than 
the floor of the interior. As the car must frequently be designed to 
pass around curves of small radius, often of only thirty or forty feet, 
sufficient clearance must be provided for the swing of the trucks. 
This necessitates that the trucks of a double truck car be set far 
enough back towards the center of the car to clear the dropped 
platform timbers, shown in Fig. 63. In the illustration shown, Fig. 
61, the truck centers are but 21 feet 8 inches apart, while the ends 
overhang the truck centers 1 1 feet 4^ inches. It is difficult to support 
this overhanging weight properly. The difficulty is increased by 
the fact that the rear platform is often crowded with passengers 
having an aggregate weight of one ton or more. Trusses manifestly 
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Fig. 63. Reinforcing Plates. 

cannot be employed to give rigidity to the long platform. This is 
usually given in cars of wood construction by reinforcing the plat- 
form timbers with steel plates as shown in the figure. In order that 
the dropping tendency of the platform shall not bow up the body 
of the car between the trucks this portion must be braced rigidly. 
The space below the windows and above the side sill is utilized for 
this purpose. The side sill is moreover strengthened bv having steel 
plates bolted to it. 

The longitudinal members of the body framing are termed 
sills. These are usually of long leaf yellow pine. Various com- 
binations of wood and steel are employed for sills, an example of 
which is seen in Figs. 61 and 62. The sills are kept the proper 
distance apart by "bridgings" or cross sills mortised into them 
at intervals and by **end sills." The whole framing is tied together 
by the rods running parallel to the bridging. These tie rods are 
often provided with turn buckles for tightening when occasion may 
recjuire. 



ELECTRIC RAILWAYS 71 



The outer sills are termed side sills; those nearest the center 
of the car, the center sills or draft timbers; while those between are 
called intermediate timbers. 

The remaining portion of the car is constructe<i much after 
the manner of a steam coach. The posts between the windows are 
mortised into the side sill at the bottom and into a top sill at their 
upper end. They are laterally braced by a belt rail immediately 
under the window opening, both the belt rail and the posts being 
gained out so that the rail fits flush with the posts. A wide letter 
board gained into the post just below the side plate adds to the bra- 
cing of the side of the car, as does also an iron truss usually one-fourth 
to one-half inch thick and two to three inches wide which is gained 
into the posts on the inside running just under the windows between 
the truck centers, and then descends to pass through the side sills 
and fasten V)y a bolt underneath. 

The roof consists of the upper and lower decks. That portion 
over the platform or vestibule is termed the hood. Rigidity is given 
to the whole upper portion of the car by the end plates resting on the 
corner posts and extending between the side plates at either end of 
the car body proper, and by steel carlins which conform to the peculiar 
shape of the roof and extend between the side plates. The steel 
carlins are usually placed over alternate side posts. Bolted on either 
aide of them and placed at intervals of about twelve inches l)etween 
are wcx)d carlins. The wood carlins of the lower deck extend from 
the side plate, to which they are fastened by screws, to the top sill, 
which is immediately below the windows of the upper deck. Above 
these windows is the top plate, supporting the carlins of the upper 
deck, which extend between and a few inches beyond the two top 
plates. Poplar sheathing three-eighths or one-half inch is nailed 
over carlins and on this heavy canvas usually of six or eight ounce 
duck is stretched tightly. Several coats of hea\y paint on the canvas 
and a trolley board for supporting the trolley stand complete the 
roof. On the underside of the carlins the headhning, usually of 
birch or birdseye maple, is secured. This forms the interior finish 
of the ceiling of the car. 

Steel Car Framing. As a result of the demands of the 
officials of the New York Subway for cars of greater strength and less 
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subject to danger from fire, much progress has been made in the last 
few years in the construction of cars witb steel framing. Steel con- 
struction is much more expensive than that in which the framing is 
of wood and is considerably heavier. The advantages lie partly in 
the fact that it is more durable, but the great reason for the interest 
with which the new stvle of construction lias been received is that the 
danger of collapse and consecjuent injury to passengers, in case of 
accident, is greatly diminished. 

Car Weights. The total weight of a street car with a body 
16 feet long over corner posts mounted on a single truck with two 
motors is approximately 14,000 pounds. Of this' the body w^eighs 
about 4,500 poimds, the truck 4,400 pounds, and the motors and the 
electrical equipment the remaining 5,100 pounds. The weights of 
the separate parts of a certain intern rbaii car measuring 52 feet 6 
inches over the bumpers mounted on double trucks, one of w^hich 
carried two motors, is body 34,065, motor truck 9,565, trail truck 
6.670, electrical equipment 12,800; total ()3,100. 

An intenirban car of about the same size as the one just men- 
tioned but equipped with four motors gave the following w^eights: 
Body with controller and resistance grids 30,000 pounds, trucks 
19,130 pounds, motors 15,420 pounds; total 73,550 pounds. 

Car Painting. A great deal of attention is given to the proper 
painting of cars. A car painted with care and proper materials 
always presents an attractive appearance, while one carelessly painted 
is readily noticeable. New cars go through an elaborate painting 
process. The time retjuired is from two to three weeks. The fol- 
lowing scheme may be regarded as an example of a good process: 

A coat of primer is given tlie car the lirst day. On tlie tliird day ail 
irregularitieH are puttied up smooth. On the fourth and fifth days a 
heavy primer is api)lied, one coat on each day. A coat of li Her is given 
ou the sixtli day and allowed to harden the following day. The next paint 
applied is termed a guide coat. This is of a coV^r diflerent from the pre- 
t'edingones and serves as a guide for the rubbers, who on the following 
day go over the car with mineral wool, line sandpaper, or pumice stone 
and rub it until the guide coat is worn away. This assures an even and 
smootli surface. On the tenth day the car is allowed to stand. A coat of 
the color desired is a])plied, one on each of the following three days. On 
the fourteenth and lifteenth days the car is striped with the desired orna- 
ments and lettered. This is usually done in aluminum or gold leaf. The 
car is then given three coats of varnish on alternate days, and the work is 
comi)leted. The best practice brings the cars in once each year to be 
re varnished. 
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OVERHEAD CONSTRUCTION. 

Trolley Wire. The trolley wire is suspended from the span 
wires or brackets in such a way as to permit of an uninterrupted 
passage of an upward pressing trolley wheel underneath it. The 
trolley wire itself may be either round, grooved, or figure 8 in section. 
Where a round wire is used, No. 00 B. & S. gauge is the 
most common size. Figure 8 wire, so called from its sec- 
tion, which is shown in Fig. 64, is designed to present a 
smooth under surface to the trolley wheel, which will not 
be interrupted by the clamps or ears used to support it. 
Clamps are fastened to the upper part of the figure 8. 
The grooved wire is rolled with grooves into which the y\%, 64. 
supporting clamps fasten. This wire also presents a 
smooth under surface to the trolley wheel. 

Trolley-Wire Clamps and Ears. The trolley is supported 
either by clamps or by soldered ears. One type of clamp grasps the 





Fig. 66. Trolley Wire Clamp and Ear. 

wire by virtue of screw 'pressure. A soldered ear is shown at 
E, Fig. 65. This ear has small projections at each end, which 
are bent around the wire to assist the solder in holding the wire 
to the ear. Another form of ear, used to some extent, holds the 
wire by virtue of having the edges of the groove offset or riveted 
around the wire. 
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The ear or clamp screws to a bolt which is insulated from the 
metal ear tlirough which passes the span wire. A cross-seclion 
through a common type of trollev-wire hanger is shown in Fig. (iO. 
Here there i.s an outer shell of metal, which is adapted to hook to 
the span wire. In this shell is an insulating holt, that is, a holt 
surrounded with some fonn of insulating uiatenal which is very 
strong mechanically and not likely to be cracked by the hammering 
action of the passing trolley wheel. Most of the insulating com- 
pound's usetl in making trolley-wire insulators are trade secrets. 
Another kind of insulator called the "cap and cone" t_v[)e is shown. 



at C, Fig. 05. Ill these in.sulators, the metal part H which fastens 
to the span wire d(Jes not completely surround the insulation C. 
Wo(k1 has sometimes been used for the insulation of tn>lley-wire 
hangei-s. 

Span Wires. In city sli-ects, the ti-ollcy wii-e Is atnnnonly 
suspcndwl from sjmn wires stretche«l. between |><iles ItM^iteil on 
both sides of the street. These span wirc-s are <if J-incli or ^-inch 
galvanized stranded steel cable. In order to atld to the insulation 
between the trolley wire and the [xtles at the side of the ;.Ireet, what 
is called a ulratii in.wlalor is placed in the s])au wire, 'lliis is an 
insulator adapte<l to withstand the great tension put upon it by the 



KLECTlUt; KAIi^WAYS 75 

span wire. One of these is shown in Fig. 67. Means are usually 
l)rovi(ial for tightening the span wires a-s they streUh and as the 
[Hiles give under the strain. The insulator in Fig. R7 has a screw 
eye for thai jjurpose. 




Brackets. In the bracket tj'pe of overhead construction, a 
trolley wire is fastened to brackets placed on poles near the track. 
This construction is used on suburban and interurban lines where 
the presence of poles near the 
track is not objectionable. 
It has been found that a rigid 
connection of the trolley wire 
to a bracket is likely to result 
in the breaking of the trolley- 
wire insulators. For this 
reason the brackets now com- 
monly u.sed provide for a flex- 
ible suspension of the trolley- 
wire hanger from the bracket. 
A bracket employing such 
flexible construction, mule 
by the Ohio Brass Company, 
is illustrated in Fig. (W. 

An example of standani 
straight-line bracket con- 
stnietion is shown in Fig. fiO. 

Feeders. Where addi- 
tional conductivity is needed —— — • 
l>evon(! that furnished by the 

■ ..,,,,■ Fig. M. 0verh«.acnnslru.al.™, 

trolley wire itself, feeders are 

run on insulators along the poles at the side of the track. .Such 

feeders are connected to the trolley wire at regular inter\als. Where 
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span-wire construction is used, the fee<l wire may be substituted for 
the span wire at the pole where the connection between feed wire 
ami trolley wire is made. !n such a case, of course, a trolley-wire 
hanger is use<l which has no insulator, so that tlie current feeds 
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. Stnndnril Straight 1.1 



directly through the hanger. Another method is to run the feed con- 
nection parallel with a span wire and a short distance from it. 

Section Insulators. Section insulators are usually placed in 
the trolley wire at regular intervals. Such a section insulator is 
shown in Fig. 70. Its purpose is to insulate one section of trolley 
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wire from the next, so that in case the trollev wire of one section 
breaks, or is grounded in any other manner, that section can be dis- 
connecte<l and the other sections on either side kept in operation. 
In large city street-railway systems, each se(!tion of trolley wire usually 
has its own feeder or feeders, independent of the other sections. 
This feeder is supplied through an automatic circuit breaker at the 
power house. In case a certain section of trolley wire is grounded 
the large current that immediately flows will open the circuit breaker 
supplying that section; but, unless the ground contact is of an ex- 
tremely low resistance, it will not affect the operation of the other 
feeders. Should it be of sufficiently low resistance to cause all the 




Fig. 70. Section Insulator. 

generator circuit breakers to open, it would, of course, interrupt the 
entire service temporarily; but usually the circuit breaker on any 
individual feeder will cut that feeder out before all the circuit breakers 
will open. 

High-Tension Lines. AVhere high-tension alternating-current 
wires are run, as in the case where the road is of such length as to 
require the establishment of several substations, these high-tension 
circuits are usually carried some distance above the 500-volt direct- 
current trolley and feeders. An example of interurban overhead 
construction is shown in Fig. 69. Here the high-tension wires are 
carried on large porcelain insulators of a size necessary for 26,000 
volts. These insulators are placed 35 inches apart. High-tension 
wires are kept so far apart because of the danger that arcs will in 
some way be started between the lines, as the high-tension current 
will maintain an extremely long arc. The blowing of green twigs 
across the lines, or birds of sufficient size flying into the lines, is likely 
to establish arcs which will temporarily short-circuit the line. The 
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greater the distance apart of the wires, the less danger that such 
things will occur. 

Botli glass and porcelain insulators are successfully used on 
lines of very high tension. (ihiss is the cheaper and porcelain 
has the greater mechanical strength. 

High-tension w-ires are usually of hard-drawn copper or of 
aluminum made up in the form of a cable of several strands. Alu- 
minum is lighter for a given conductivity than copper; and, at the 
market price controlling at the present time, is cheaper. It is, how- 
ever, more subject to inievenness of composition, which leaves weak 
spots at certain points in the wire; and that is the reason why alu- 
minum MS now always used in the form of a stranded cable rather 
than as a single conductor. Aluminum, being considerably softer 
than copper and melting at a lower temperature, is more likely to. 
be worn through as a result of abrasions or to be melted off by a 
temporary arc. These slight objections are balanced against its 
smaller first cost as compared with the cost of copper. 

'^rhe calculation of the proper amount of feet! wire for a given 
section of road is somewhat similar to the calculation of electric 
light and power wiring as already outlined. It is first necessary to 
estimate approximately the amount of current required at different 
portions of the line. The amount of drop to be allowed between 
the jK)wer house and cars must be decided arbitrarily by the engineer. 
A drop of 10 |>€r cent is probably the one most commonly figured 
upon in designing fee<ling systems. The resistance in ohms of the 
copper feeders retjuired to conduct a given current wuth a given loss 
in volts, can be calculated by dividing the volts lost by the current, 
according to ()hm\s law. By the aid of a table which gives the 
conductivity of various sizes of wire according to the methods out- 
lined in connecti(m with "Electric Wiring," the proper number and 
size of the feeders can be detennined. The most difficult thing to 
determine is the load that will be placed upon any section of the line. 
Of course, there will be times w-hen cars are bunched together owing 
to l)locka(les. It is out of the (piestion to provide enough feeder 
copper to keep the loss in voltage within reasonable limits at such 
times. The ordinary load upon any feeder is Uvsed as the basis of 
calculation in most cases. The amount of current required per car 
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Fig. 71. Third-Rail Insulator. 



depends on the weight of the car and the character of the service 
This will be taken up later under the head of "Operation." 

THIRD RAIL. 

Location. The third-rail system of conducting current to 
electric cars, as most commonly employed in the United States, 
follows the example set by the Metropolitan West Side Elevated 
Railway of Chicago. All the ele- 
vated roads in the United States 
are now operated by means of third 
rails located at one side of the 
track. The third rail is an ordinary 
T-rail and is located with the center 
of its head 20 inches outside of the 
gauge line of the nearest track rail, 
and 6y\ inches above the top of 
the track rail. On a few interurban 
roads this distance has been in- 
creased in order to accommodate certain steam railroad rolling stock 
which must at times be operated over the line. 

Insulators. The third rail is supported every fifth tie on an 
insulator. These insulators on first construction were made of 
wooden blocks boiled in paraffine, but at the present time more 
substantial forms of insulation are being used. 

One form of third-rail insulator, known as the " Gonzenbach," 
has a base of cast iron resting on the tie. Over this is placed a cap 
of insulating material similar to that used in strain and trolley-wire 
insulators. Over this insulating material is another cast-iron cap 
upon which the third rail rests. The weight of the third rail holds 
it in position, and there is no clamping together of the various parts 
of the insulator. 

Another form of third-rail insulator is made of what is called 
"reconstructed granite," and another of vitrified clay. Fig. 71 
shows one of the latter. 

Switches. Where the third rail is used, a contact shoe is 
placed on each side of both trucks of the motor car. At switches 
it is necessary to omit the third rail for a short distance on one side 
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of the track, and place a short section of thirtl rail on the otlier side 
of the track so that the current supply to the car will be uninterrupted. 

At Highway Crossings. Where the third-rail system is em- 
ployed on interurban surface lines, it is necessary to omit a section 
of it at every highway crossing. If the crossing is too wide to be 
bridged across by a car, the car must have sufficient momentum to 
drift over such crossings when it comes to them. To connect across 
the break in the third rail at such points, an underground cable 
is generally used. This cable must be thoroughly protected against 
leakage of moisture into the insulation where it comes to the surface 
for connection to the third rail. 

Another form of third rail, laid several years ago on some of 
the lines of the New York, New Haven & Hartford Railroad, was 
of an inverted V-shape, and was laid midway between the track 
rails with its top 1 inch above them and its bottom only If inches 
above the ties. It was supported on wooden blocks. This location 
of the third rail has never been popular, because of the poor insula- 
tion with the rail located so close to the ties between the rails. 

Conductivity. The conductivity of a steel rail varies consid- 
erably. A rail of the ordinary composition used on steam railroads 
is too high in carbon to give the best conductivity. Such a rail 
has about one-tenth the conductivity of the same cross-section of 
copper. Steel can easily be obtained, however, which will have 
one-seventh the conductivity of copper, and the additional cost of 
obtaining such special steel is quite low, so that the majority of 
roads installing the third-rail system have seen fit to pay the extra 
c»ost and thereby secure a softer rail than that usually employed in 
track rails. 

Cost. The cost of the third-rail system is less than an over- 
head trolley system, provided enough copper is placed in the trolley 
feeders to make the conductivity of the trolley system equal to that 
of the third-rail system. It is very seldom, however, that a trolley 
system is so constructed on an interurban road; and hence the trolley 
system,* as usually constructed, is cheaper than the third-rail system, 
because it is not of equal conductivity to a third-rail system. 

Advantafi^es in Operation. Where very heavy cars or trains 
tare to be operated, the third -rail system is decidedly an advantage, 
for two reasons^ Iw iiie first place, it affords the cheaper method 
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of i-oiKliu^iiig a given heavy vohimc <if itirreiit; and in the set-ond 
place, the contact slioes that oiiidiK't the current from the third rail 
to the mo\-ing car or train are built to t-arrv' a innch larger volume 
of current than the trolley wheel, wliich has only a small area of 
(■ontart on the trolley wire, Onlinarily there are two of these <^ntact 
shoes in multiple for every motor oar. 

Another mlvantage of the thin! rail over tlie trolley is that the 
tnilley may leave the wire at high sj>e€<is or in pas.sing switches. 
On well-<i>nstrufteil roa<ls, where the trolley wire is kept in good 
alignment and tlic track is sm<»oth, there is little tnMible from this 



source; but it is iin<h)ul>tedly a convenience to l>e able lo ojM'rate 
cars or trains without giving any attention to a tnilley jKile. 

CONDLtT SYSTEMS. 

'ilie nndergniund <-on<luit system, in which the conductors 
conveying the current to the cars are Iwated in a c'on<luit under 
the tracks, is in use in two cities of the United States — New York 
City and Washington, 1). C The ci>.st of this system, and the 
danger of interruption of the service where the tlrainage is not excel- 
lent, have prevented its more extensile adoption. 

The New York type of conduit is a good example of this con- 
struction. The conductors consist of T-bars (CC) of steel supporteil 
from porcelain cup insulators located 15 feet apart in the conduit. 
A cross-section of the conduit is shown in Fig. 72. At each insulator 
a handhole is provided (Rg. 73), .so that access may be had to the 
insulator from the street surface. Manholes are provided at intervals 
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of about 150 feet, so that tlie <)irt which L-oHeots ui the I'uiiduit can 
be scraped into these manholes and removed at intervals. The 
manholes also serve as points of drainage to tlie sewer system. 

Contact Plow. Current is conducted to the car through a 
pair of contact shoes commonly called a plow (Fig. 74). This plow 
has the two shoes insidated from each other, and from the frame 
of the plow. They are provi<led with flat springs that hold the 
shoes against the conducting bars in the conduit. The shank of 
the plow is thin enough d", inch) to enter the slot of the conduit. 
The conductors pas.s up through 
i the middle. These plows can, 

! of course, be removed only when 

1 the car is over an open pit. 

I Cost. A conduit system of 

j this kind is very expensive to 

build because of the fact that a 
I very deep excavation must l)e 

made in the street to accommo- 
date the conduit. The track 
rails, slot rails, ami .shcet-flteel 
conduit limng are held in align- 
ment by cast-iron yokes placed 5 
feet R]Mirt. The entire space 
around and underneath these 
yokes is filled with c<increte in 

PiB.73. H^ndhoi*. ""'^' *" 8*^"^ "Si<lity ai'l a Per- 

manent track. Tliree expensive 
items, therefore, enter into the construction of a conduit road — 
namely, the deep excavation, which may call for the changing of 
other undei^round pipes or conduits in the street; the large amount 
of iron and steel needed for the yokes and slot rails; and the large 
amoimt of concrete neede<i. 

On American condiiit roa<ls the slot and conduit are plac^i 
imder the middle of the track. Some of these roa^ls are simply 
reconstructed cable-conduit roa<ls in whi('h the old cable conduit 
1ms been u.sed for electrical omductors. Tn the comluit roa<! at 
Buda-1'est, Hungary, the slot is placed akmgside one of the track rails. 
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current Leakage. The leakage on an underground conduit 
road is considerable, because the insulators are necessarily located 
in a damp, dirty place, which causes leakage over the surface of 
the insulators. This leakage, however, is not prohibitive so lonf; 
as the conductor rails are not under water. If on account of poor 
drainage the conductor rails become submerged, the leakage becomcw 
so great that it is im- 
possible to operate 
the road. 

It will l)e noticed 
that the conduit sys- 
tem as illustrated 
here employs two 
conductor rails — one 
for the ])ositive side 
of the circuit and die 
other for the n^ative. 
'Hie track rails, there- 
fore, are not used as 
./■onductors, and one 
side of the t-ircuit is 
not grounded as in 
the ordinary trolley 
system, although the 
leakage to ground 
may be considerable 
from one or both con- 
ductor rails. 

TRACK CONSTRUCTION. 

Girder Rail. A great variety of track rails are used in electric 
railways. The most common at one time was the girder, a typical 
section of which, with joint, is illustrated in Fig. 75. This is an 
outgrowth of the old tram rail used on horse railways. It has a 
tram alongside of the head, on which vehicles may be driven. Its 
chief advantage from the standpoint of the railway company is that 
there is plenty of room for dirt and snow to be pushed away by die 
flanges of the cars. If the company maintains the paving, it may 
Ik' to its iidviintage to have teams use Ihe steel track radicr tlian the 
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paving, although this advantage in maintenance is probably more 
than compensated for by the delay of cars through the regular use 
of the track by teams. 

^^ • 

Trilby Groove Rail. A modification of 
the girder rail, known as the Trilby, and some- 
times as the grooved gird-er, is shown in Fig. 76. 
A rail similar to this is used in several large 
cities of the United States. It has a groove 
of such a shape that the flanges of the car 
wheels will force snow and dirt out of it instead 
of packing it into the bottom of the groove, as 
in the case of the regular European narrow- 
grooved rail. A narrow-grooved rail in which 
the grooves correspond closely to the shape of 
the car-wheel flanges is sure to make trouble 

in localities where there is snow and ice, as the grooves become 
packed and derail the cars. 

Shanghai T-Rail. In some systems 
'"-sV^-"^ a T-rail is used. Where the T-rail is 
to be used with paving, the popular 
form is the Shanghai T, shown in Fig. 
77. This rail is high enough to permit 
the use of high paving blocks around it. 




Fig. 75. Girder Rail. 
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Fig. 76. Grooved Rail. 



Fig. 77 Shanghai T-Rall and Joint. 



Common T-RaiK The T-rail used by steam railroads is known 
as the A. S. C. E. standard T-rail, because it follows the standanl 
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dimensions recommended for T-rails by the American Society of 
Civil Engineers. A standard OS-pound T-rail of this kind is shown 
in Fig. 7S. Other weights of this rail have the same relative pro- 
portions. Such a rail is used for intemrban roads, and for suburban 
lines in streets where there is no block paving. The high rails arc 
used to facilitate paving with high paving blocks. 

Track Support. The greater portion of track is laid on 
wooden ties. These ties, in the most substantial woollen tie con- 
struction, are 6 inches by 8 inches in section, and 8 feet long. They 
are spaced two feet between centers. Sometimes smaller ties, spacetl 
farther apart, are used in cheaper forms of construction; but tlie 
foregoing figures are tliose of the best con- 
struction known in American railway practice. 
In paved streets, ties are usually employed, 
although sometimes what is known a.s "con- 
crete stringer" construction is used insteail of 
ties to support the rails. A strip of concrete 
about 12 inches deep is laid under each rail, 

and tlie rails are held to gauge by ties or tie ,™,,iyj™,„„ 

rods plac'etl at fretjuent inten-als. Sometimes ^ stamiar.! a s 

the concrete is made a continuous be<l under '^■* ^oiut'piHi'.*^'' 

the entire track. In most large cities the con- 
crete foundation is used under all paving; and consequently, when 
concrete is used insteail of ties to support the rails, this concrete is 
simply a continuation of the paviijg foundation. Where ties are used, 
they are laid sometimes in gravel, crushed stone, or san<l, although 
frequently, in the largest cities, they are embedded in concrete. 
Sometimes this concrete is extended under the ties, and sometimes 
it is simply put around the ties. 

Ballast. A ballast of gravel, broken stone, cinders, or other 
material which is self draining and which will pack to form a solid 
bed under the ties, should be used to get the best results under all 
forms of tie constnictiijn, wrhether in paved streets or on a private 
right of way, as on an interurban road. (If course, if c'oncrete is 
placed under the ties, the gravel or rock ballast is not necessary. 
If ties are placed directly in .soft earth, which fwrms mud when 
wet, they will work up and down under the weight of passing trains, 
and an insecure founilation for the track will lie the re.'inlt. 
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Joints. The iftatter of securing a proper joint for fastening 
together the ends of rails so as to make a smooth riding track without 
appreciable jar or jolt when the wheels pass a joint, has been given 
much study by electric railway engineers. A section through an 
ordinary bolted angle-bar joint is shown in Fig. 75. This joint is 
formed by bolting a couple of bars, one on each side of the rails. 
The edges of these bars are made accurately to such an angle that 
they will wedge in between the head and base of the rail as the bolts 
are tightened ; hence the name angle bars. This is the form of joint 
generally used on steam railroads and on electric roads in exposed 
track, or in track where the joints are easily accessible, as in dirt 
streets. In paved streets, the undesirability of tearing up the pave- 
ment frequently to tighten the bolts on such joints, has led to the 
invention of several other types, which will be described later. Never- 
theless very good results have been obtained in recent years with 
bolted joints laid in paved streets where care has been given to details 
in lajring the track, and where the joints have been tightened several 
times before the paving is finally laid around them. 

Welded Joints. Several forms of welded joints are in use. 
All thcvse welded joints fasten the ends of the rails together so that 
the rail is practically continuous — ^just as if there were no joints — 
so far as the running surface of the rail is concerned. It was thought 
at one time that a continuous rail would be an impossibility because 
of the contraction and expansion of the rail under heat and cold, 
which, it was thought, would tend to pull the rails apart in cold 
weather and to cause them to bend and buckle out of line in hot 
weather. Experience has conclusively shown, however, that con- 
, traction and expansion are not to be feared when the track is laid 
in a street where it is covered with paving material or dirt. The 
paving tends to hold the track in line, and to protect it from extremes 
of heat and cold. The reason that contraction and expansion do 
not work havoc on track with welded joints, is probably that the 
rails have enough elasticity to provide for the contraction and expan- 
sion without breaking. 

It is found that the best results are secured by welding rail 
joints during cool weather, so that the effect of contraction in the 
C()l<lest weather will be minimum. In this case, of course, there 
will be considerable expansion of the track in the hottest weather, 
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but this does not cause serious bending of the rails; whereas occa- 
sionally, if the track is weldetl in very hot weather, the contraction 
in winter will cause the joint to break. 

Cast-Welded Joints. The process of cast-welding joints con- 
sists in pouring very hot cast iron into a mould placed around the 
ends of the rails. These moulds are of iron; and to prevent their 
sticking to the joint when it is cast, they are painted inside with 
a mixture of linseed oil and graphite. Iron is usually poured so 
hot that, before it cools, the base of the rail in the center of the molten 
joint l>eromes partially meltetl, thus causing a true union of the steel 
mil and cast-in»n joint. This makes the joint solid mechanically 
and a good electrical conductor. To supply melted cast iron during 



Flif. m Process <>t Casl-Welcling Joint. 

the process of cast-welding joints on the street, a small portable 
cupola on wheels is employed. Fig. 79 gives an idea of the process 
of making cast-welded joints. 

Electrically Welded Joints. An electrically weldetl joint is 
made by welding steel blocks to the rail ends. A steel block is 
place<l on each side of the joint, and current of very large vohiine 
is pas.se<l through from one block to the other. This current is .so 
large that the electrical resistance between the rail and steel block 
causes that point to become molten. Current is then shut off, and 
the joint allowed to ctK)!. There is in tliis case a true weld l)etween 
the steel blocks and the rails and joint 
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An electric welding outfit being expensive to maintain and 
operate, this process is used only where a large amount of welding 
can be done at once. Current is taken from the trolley wire. A 
rotary converter set takes 500-volt direct current from the trolley 
wire, and converts it into alternating current. This alternating 
current is taken to a static transformer which reduces the voltage 
and gives a current of great quantity at low voltage, the latter cur- 
rent being passed through the blocks and rails in the welding proc- 
ess. A massive pair of clamps is used to hold the blocks against 
the rails, and to conduct the current to and from the joint while 
it is being welded. These clamps are water-cooled by having water 
circulated through them so that they will not become overheated 
at the point of contact with the steel blocks. 

Thermit Welding^. A process of welding rail joints which 
was developed after 4he cast»-welding and electric-welding processes, 
is known as the Goldschmidi process , which makes use of a material 
called "thermit" for supplying heat to make the weld. A moukl 
is placed around the joint and the thermit is put in this mould and 
ignited. The heat produced by the thermit is so intense as to reduce 
the iron in the thermit mixture and make a wekled joint. The 
thermit consists of a mixture of finely powdered aluminiun and iron 
oxide. When this is ignited, the aluminum oxidizes, that is, absorbs 
oxygen so rapidly that an intense heat is the result. In the process 
of oxidation, the aluminum takes the oxygen from the oxide of iron, 
leaving molten metallic iron, which metallic iron makes the weld 
by union with the molten rail ends. This process has the advantage 
over other welding processes, of not reciuiring an elaborate apparatus 
and a large crew of men to operate it; and consequently it can be 
used where but a few joints are to be welded. 

Bonding and Return Circuits. When the track rails are 
used as the conductors, as is usually the case, it is necessary to see 
that the electrical conductivity of the rail joints does not offer too 
high a resistance to the passage of the current. For this reavSon, 
when bolted or angle-bar joints are used, the rails are bonded together 
by means of copper bonds. It was soon found after electric roads 
were in use a short time, that unless the rail ends were so bondetl, 
the resistance of the joints was so great as to (»ause great loss of power 
in the track. P'irst, small iron Ixnids were used; but these bonds 
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were so insufficient that large copper-wire bonds soon began to be 
used ; and at the present time, on large roads, bonds of heavy copper 
cable are common. The resistance of a steel rail, such as used in 
city streets, is about eleven times that of copper. In order to secure 
as great carrying capacity at the rail joint as is afforded by the un- 
broken rail, it is therefore necessary to install bonds having a total 

cross-section i\- that of the rail. 
Where welded joints are used, bond- 
ing is unnecessary, except at crossings 
and switches where boltetl joints are 
employee]. Where track is welded, 
however, cross bonds should be put in 
at frequent intervals from one rail to 
another, and, if the track is double, 
from one track to the other, so that if one of the track rails breaks at 
a joint there will be a path around the break for the current. 
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Fig . 80. Channel Pin Bond. 
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FiR. 81. Chicago Rail Hond. 




A great many schemes have been devised to insure good con- 
tact between the copper bond and the rail, as the terminal is the 
weak point in any Inmd. One of the earliest and most efficient of 
small bonds wa.s made by the use of channel pins. Fig. 80. This 

bond consisted of a piece of 

copper wire having its ends 

placed in the holes in the rail 

ends. Alongside this wire, a 

channel pin was driven in. 

The objection to the channel 

pin was the small area of contact between the copper bond and rail. 

Next after the channel pin came the Chicago tj^e of bond, 

Fig. SI, which is a piece of heavy copper wire with thimbles forged 

on the ends. These thimbles were placed in accurately fitted holes 




Fig. 83. Rail Bond. 
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in the rail ends, and a vve<lge-sliaj)ed steel pin was driven into the 
thimbles to expand them tightly into the hole in the rail. Several 
other bonds using modifications of this principle are in use. 

A tji)e of lx)nd in very common use consists of solid copper 
rivet-shaped terminals, Fig. 82. Between these terminals is a piece 
of flexible stranded copper cable, made flat to go under the angle bars. 
In one tj'pe the terminal lugs are cast around the ends of the cables, 
and in another type the cables are forged at their ends into solid 
rivet-like terminals. These terminal rivets were first applied as 
any other rivets, with the use of a riveting hammer. Because of the 
difficulty of thoroughly expanding such large rivets into the holes 
made for them in the rails, it has become customary to compress 
these rivets either with a screw press or a portable hydraulic press, 
which brings such great pressure to bear on the opposite ends of the 
rivet that it is forced to expand itself so as to fill the hole in the rail 
completely. This expansion is made possible by the ductile char- 
acter of the copper. This great ductility characteristic of copper, 
however, has been the source of one of the difficulties in connection 
with rail bonding, because the soft copper terminal has a tendency 
to work loose in the hole made for it in the rail. It is practically 
impossible to maintain good l)onding where the rail joints are so 
loose as to allow considerable motion between the rail ends. 

Several types of bonds have been introduced, in which the 
contact between the rail and bond is made by an extra piece or 
thimble. 

Another method of expanding bond terminals into the holes 
made to receive them, is that employed in the (leneral Electric 
Company's bond. In it a soft pin in the center of the terminal 
is expanded by compression of the terminal so that it forces the 
copper surrounding it outward. The copper terminal, in expanding 
to fill the hole, is therefore backed by the steel center pin. 

All types of bonds must be installed with great care if they 
are to be efficient. Unless the bond terminal thoroughly fills the 
hole and is tightly expanded into it, moisture will creep into the 
space between the copper and the iron, and the copper will become 
coated with a non-conducting scale which destroys the conductivity 
of the contact. 
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The plastic rail bond, so calleil because it depends f jr the contact 
between the rail and the bond upon a plastic, putty-like alloy of 
mercury and some other metal, is applied in a numl)er of different 
'ways. One form consists of a strip of copper held by a spring against 
the rail ends under the fish-plate. The rail ends at the point of con- 
tact with this strip of copper are amalgamated and made bright by 
the use of a mercury compound similar to the plastic alloy. These 
points of contact are then daubed with plastic alloy, and the copper 
bond plate applied. It is not necessary, with any form of plastic 
bond, that the mechanical contact be unyielding, as the amalgamated 
surfaces with the aid of the plastic alloy between them, maintain a 
good conductivity in spite of any slight motion. The plastic alloy 
can be applied in a number of other ways, one of which is to drill a 
hole forming a small cup in the rail base in adjacent rail ends, fill 
these cups with plastic alloy, and bridge the space between them 
with a short copper bond having its ends projecting dowTi into the 
cups. 

Resistance of the Track. The resistance of the return 
circuit is usually much higher than it should be owing to the bad 
contact of the bonds. The resistance of rails varies greatly wnth the 
proportions of carbon, manganese and phosphorus. The following, 
figures, however, may be regarded as the average. 

Weight per Yard. Resistance Single Rail per Mile. 
50 . 0253 ohms 

60 .0211 " 

70 .0180 " 

80 .0159 " 

90 .014 " 

A track laid with continuous rails as in the case of welded joints, 
would have one-half the resistance given since there are two rails 
to be considered. 

Tests of new unbonded track constructed with rails 60 feet 
long show that the joints cause an increase of .25 ohms or more per 
mile. 

Several roads in testing bonds consider a bond good when the 
bond and one foot of the rail over it have a resistance ecjual to five 
feet of the solid rail. 
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Supplementary Return Feeders. On some large roads it is 
necessary to run additional return feeders from the |)ower ho.use to 
various points on the system, to supplement the conductivity of 
the rails. Otherwise the track rails near the power house would 
have to carry all the current, and in some cases there are not enough 
such lines of track passing the power house to do this plt)perly. 
Sometimes these feeders are laid underground in troughs; sometimes 
they are laid bare in the ground, and sometimes on overhead pole 
lines. When laid in the ground, frequently old rails are used instead 
of copper or aluminum cables. The old rails are, of course, thor- 
oughly bonded togethei with bonds giving a conductivity nearly 
equal to that of the unbroken rail. 

FEEDER SYSTEMS. 

There are two general schemes of direct current feeding in com- 
mon use. One of these is shown in Fig. 83. Here the trolley wire 
is continuous and is fed into at different points. The long feeders 




Troiley 



Pig. a^. 

supplying the more distant portion of the road are larger than those 
supplying the trolley near by, so as to maintain as nearly as is feasible 
the same potential the entire length of the line. With such a system 
of feeding, in order to maintain absolutely the same voltage at all 
points, it would be necessary to have just one trolley feeder and that 
feeding into the extreme end of the line farthest from the power 
station and further to make the resistance per 1,000 ft. of trolley 
and feeder the same as the resistance per 1,000 ft. of the track return 
circuit. The plan shown in Fig. 83 evidently does not fully carry 
out these rather impracticable requirements but is in the nature 
of a compromise, giving a higher potential near the power station 
than at distant points but nevertheless much more even potential 
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than if the heaviest feeders were feeding into the trolley near the 
power house. 

The other plan, shown in Fig. 84, divides the trolley wire into 
sections and feeds each section through a separate feeder which is 
calculated of such size as to maintain the same voltage on all the 
sections with the ordinary load. 

In calculating a feeder system a certain probable load is assumed 
at certain points along the line. This load will manifestly depend 
on the size and number of cars in operation, grades and many local 
conditions. 








Fig. 84. 
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.728 Obms 


.686 Ohms 


.665 Ohms 


Feet per ohm 


T253 


23000 


30700 


Size of wire.. 


No. 1 


2.tO.()00 C. M. 


420,000 C. M. 



The following example will show the method pursued. The 
figures resulting from the calculations are placed immediately below 
the sections to which they refer in Fig. 84. The rails are assumed 
to be 70 pound to the yard. These have a resistance of about .018 
ohms per mile. Adding one-sixth for additional resistance of bonds 
gives .021 and since the track is composed of two rails the resistance 
of the track will be one half of this or .0105 ohms per mile. 

The maximum drop in any section occurs when the car is farthest 
from the power house. Each car is assumed to take 50 amperes 
and the feeders are to be so designed as to allow a 10 per cent or 
60 volts drop. 

The current in the two miles of track nearest the power house 
is 150 amperes, in the next section 100 amperes, and in the last section 
50 amperes. The'drop in each section is as shown. The drop in the 
trolley which is 00 wire is, in each section, 20.5 volts. Subtracting 
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from 60 volts the drop in the return circuit and trolley, gives the 
allowable drop in the feeder. 

The resistance of each feeder can be calculated, since the current 
in each one is 50 amperes. The first feeder is one mile long, the 
second 3 miles and the third 5 miles, and with these figures the feet 
per ohm can be computed. The size of wire may be obtained by 
reference to a table of copper ^dre resistances. 

BLOCK 5IQNAL5 FOR ELECTRIC RAILWAYS. 

The simplest block signal used by electric roads is a hand- 
operated one constructed on the principle shoi^Ti in the diagram Fig. 
85. A double throw switch is placed at each terminal of the section 
of track that is to be protected. 

Tro//ey 




LQmp9 



LOffifiS 




T Ground 



Fig. 85. 



Cfouna'W 



The switches have no central position, the knife blade always 
making contact with one or the other of the terminals shown. If 
the lamps are lighted, throwing either one of the switches will put 
them out. If they are not burning, they will be lighted by throwing 
either one of the switches. 

A motorman on reaching a section of track finding the lamps 
not burning throws the switch. Lamps now bum in each switch 
box and show that th^ section is in use. On arriving at the other 
terminal of the block the switch is thrown, extinguishing the lights 
and showing that the block is clear. 

Automatic signal systems have been devised on the same prin- 
ciple, in which magnets, operated by contacts made by the passage 
of the trolley wheel, cause the lamps to be lighted and extinguished 
automatically. 
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ELECTROLYSIS. 

Much has been said about the possibilities of electrolysis of 
underground metal by the action of the return current of electric 
railways, when such railways are operated with grounded circuits, 
as they usually are. If electric current is passed through a liquid 
from one metal electrode to another, electrolysis wnll take place; 
that is, metal will be deposited on the negative pole, and the posi- 
tive pole or electrode will be dissolved by becoming oxidized from 
the action of the oxygen collecting at that pole. 

In an electric-railway return circuit, there is necessarily a dif- 
ference of potential between the rails at outlying parts of the system 
and the rails and other buried pieces of metal located near the power 
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Fig. 86. Showing Electrolytic ActlozL 

house. Just what this total difference of potential is, depends on 
the loss of voltage in the return circuit. Thus, suppose there is 25 
volts drop in the return circuit between a certain point on the system 
and the power station. There is, therefore, a pressure of 25 volts 
tending to force the current through the moist earth from the rails 
at distant portions of the line, to the rails, water pipes, and other 
connected metallic structures located in the earth near the power 
station. The amount of current that will thus flow to earth in pref- 
erence to remaining in the rails, depends on the relative resistance 
of the rails, the earth, and the other paths offered to the current to 
return to the power house. 

To take a very simple case, let us suppose a single-track road, 
Fig. 86, with a power house at one end, and a parallel line of water 
pipe on the same street passing the power house. If the positive 
terminals of the generators are connected to the trolley wire, the 
current passes, as indicated by the arrows, out over the trolley wire 
through the cars and to the rails. When it has reached the rails 
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it has the choice of two paths back to the power house. One is 
through the rails and bonding; the other is through the moist earth 
to the line of water pipe and back to the power house, leaving the 
pipe for the rails, at the power house.. Should the bonding of the 
rails be very defective, considerable current might pass through the 
earth to the water pipe. 

Remembering now the principles of electrolysis, we see that 
the oxidizing action of this flow of current from the rails to the water 
pipes at the distant portion of the road will tend to destroy the rails, 
but will not harm the water pipe at that point, as it will tend to 
deposit metal upon it. WTien, however, the current arrives at the 
power house, it must in some way leave this water pipe to get back 
to the rails, and so to the negative terminals of the generators. 

Here we see that there is a chance for electrolysis of the water 
pipe, because at this point the water pipe forms the positive elec- 
trode, which is the one likely to be oxidized and destroyed. This 
very simple case is taken merely for illustration. In actual prac- 
tice the conditions are never so simple as this, for there are various 
pipes located in the ground running in various directions, which 
complicate the case verj^ much; but we can see from this simple 
example that the principal place electrolysis of water pipe is to be 
feared is at points where a large volume of current is leaving the 
water pipe to take to some other conductor. 

As an indication of how much current is likely to be leaving 
the water pipes at various points, it is customary to measure the 
voltage between the water pipes and the electric railway track and 
rails. When this voltage is high, it does not necessarily mean that 
a large volume of current is leaving the water pipes at the point 
where these pipes are several volts positive with reference to the 
rails; but such voltage readings indicate that, if there is a path of 
sufficiently low resistance through the earth, and if the moisture in 
the earth is suflSciently impregnated with salts or acids, there will 
be trouble from an electrolytic action due to a large flow of current. 
There is obviously no method of measuring exactly the amount of 
current leaving a water pipe at any given point, since the pipe is 
buried in the earth. Voltmeter readings between pipes and rails 
simply serve to give an indication as to where there is likely to be 
trouble from electrolysis. The danger to underground pipes and 
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other metallic structures from electrolvsis has been much over- 
estimated by some people, as the trouble can be overcome by proper 
care and attention to the return circuit. Trouble from electrolvsis, 
however, is sure to occur unless such care is given. 

Prevention of Electrolysis. Remedies for electrolysis may 
be classified under two heads — ^general and specific. The general 
remedy is obviously to make the resistance of the circuit through 
the rails and supplementary return feeders so low that there will 
be but little tendency for the current to seek other conductors, such 
as water and gas pipes and the lead covering of underground cables. 
This remedy consists in heavy bonding, in ample connections, around 
switches and special work where the bonding is especially liable to 
injury, and in additional return conductors at points near the power 
house to supplement the conductivity of the rails. 

It is important that all rail bonds be tested at inten-als of six 
months to one year in order that defective bonds may be located 
and renewed, as a few defective bonds can greatly lower the efficiency 
of an otherwise low-resistance circuit. 

The specific remedy for electrolysis which may be applied to 
reduce electrolytic action at certain specific points, consists in con- 
necting the water pipe at the point where electrolysis is taking place, 
with the rail or other conductor to which the current is flowing. 
Thus, for example, if it is found that a large amount of current is 
leaving a water pipe and flowing to the rails or to the negative return 
feeders at the power house, the electrolytic action at this point can 
obviously be stopped by connecting the water pipe with the rails 
by means of a low-resistance copper wire or cable, thereby short- 
circuiting the points between which electrolytic action is taking 
place. There are certain cases in which it is advisable to adopt 
such a specific remedy. It should be remembered, however, that a 
low-resistance connection of this kind, while it reduces electrolysis 
at points near the power house, is an added inducement to the current 
to take to the water pipes at points distant from the power house, 
because of the decrease in resistance of the water-pipe path to the 
power house resulting from the introduction of the connection between 
the water pipe and the negative return feeder at the power house. 
With the water pipes connected to the return feeders in the vicinity 
of the power house, the current which flows from the rails to the water 
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pipes at points distant from the power house will obviously cause 
electrolysis of the rails but not of the water pipes, since the current 
is passing from the earth to the pipe, and the pipe is negative to the 
earth. In this case the principal danger is that the high resistance 
of the joints between the lengths of water pipe will cause current to 
flow through the earth around each joint, as indicated on some of the 
joints, Fig. 86, and will cause electrolytic action at each joint. It 
is evident, however, that the conditions of the track circuit and 
bonding must be very bad if current would flow over a line of water 
pipe, with its high-resistance joints, in sufficient volume to cause 
electrolysis, in preference to the rail-return circuit, especially since 
ordinarily the resistance offered to the flow of current over the water 
pipes back to the power house must include the resistance of the 
earth between the tracks and water pipes. 

It is usually considered inadvisable to connect tracks and water 
pipes at points distant from the power house, because of the danger 
of electrolysis at water-pipe joints, as just explained. 

Methods of testing rail bonds in the track will be explained 
under the head of "Tests." 

POWER SUPPLY AND DISTRIBUTION. 

Direct-Current Feeding. As already explained, the majority 
of electric railways are operated on a 500-volt constant-potential 
direct-current system with a ground return. A constant potential 
of 450 to 550 volts is maintained between the trolley wire and track. 
Where the trollev wire is not sufficient, additional feeders are run 
from the power house and connected to the trolley wire, the number 
< of feeders depending on the distance from the power house and the 
traffic. 

Booster Feeding. Boosters are sometimes used on long 
feeder lines where there is a heavy load only a small portion of the 
time. These boosters are direct-current dynamos that are con- 
nected in series with the feeder upon which the voltage is to be 
raised above the regular power-house voltage. The booster may 
be driven either l)y a small steam engine or by an electric motor. 
The simplast form of booster is a series-wound djiiamo. A booster 
armature must, of course, be of sufficient current capacity to pass 
all the current that will he required on its feeder. The voltage 
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yielded by this dynamo, plus the power-station voltage, is the voltage 
of the boosted feeder as it leaves the power house. Supposing that 
a series-wound booster will give 125 volts at full load; it is obvious 
that being series-wound it will give no voltage at no load. The 
voltage will increase approximately as the load on the feeder increases; 
and since the drop in voltage on the feeder for which the booster is 
to compensate also varies with the load, the action of the booster is 
simply to add sufficient voltage to its feeder at any instant to com- 
pensate for the line loss upon that feeder and to maintain approxi- 
mately constant potential at the far end of the feeder. Boosters 
raising the power-station voltage of a feeder more than 250 volts 
above the normal power-station voltage, are not common, though 
cases are on record where a feeder has been boosted as high as 1,100 
volts above the power-station voltage. Since all the power used 
in driving a booster is wasted in line loss, this method of feeding is 
not economical; but where used only a few days out of the year it is 
sometimes to be preferred to a heavy investment in feeders. The 
investment in feeders might involve more interest charges than the 
cost of power wasted in booster feeding would amount to. 

Alternatins^-Current , Transmission. High-tension alternat- 
ing-current transmission to substations, with direct-current dis- 
tribution from substations, is extensively used on long interurban 
roads, and on large city street-railway systems where power is to 
be distributed over a wide area. In such cases the power house is 
equipped with alternating-current dynamos supplying high-tension 
three-phase alternating current to high-tension transmission lines 
or feeders. These high-tension feeders are taken to substations 
located at various points on the road, where the voltage is reduced 
by step-down transformers; and these transformers supply current 
to operate rotary converters, which convert from alternating to 
direct current for use on the trolley. 

The advantage of this system of high-tension distribution is 
that, owing to the high transmission voltage, there is but a small 
loss in the high-tension lines, which lines can be made very small, 
and will thus involve but little copper investment. The substations 
can be located at frequent intervals, so that the distance the 500-volt 
direct-current must be conducted to supply the cars is not great. 
Current from one power house can thus be distributed over a very 
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large system in cases where, if the 500-volt direct-current system 
of distribution were used, (he cost of feeders for distributing sucl> a 
low-voltage current would be prohibitive. Were the alternating-cur- 
rent bigh-tensioD scheme of distribution not used, it would be neces- 



Fig. 87. DlagTitni of Dl-itribtiiiuK System. 

sary to have a number of small power houses at various points on 
tile system instead of one large power house. The cost of operation 
of several small power plants per kilowatt output, is likely to be 
much greater than that of one laige power plant. THie first cost 
of the alternating-current distributing system, including power house 
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and substations^ is likely to be considerably higher than would be 
the cost of a number of small power houses; but in eases where alter- 
nating-current distribution has been installed, it has been figured 
that the cost of operation of the central power house with alternating- 
current distribution would be sufficiently low as compared with 
several small ones to pay more than the interest on this extra invest- 
ment. 

A System of Distribution for an Interurban Railway. 

The typical features of a high tension system of distribution for an 
extensive interurban railway system are shown in Fig. 87, which ^ 
represents the electrical transmission and distribution system of the 
Indiana Union Traction Company. The central power station at 
Anderson feeds into thirteen rotary converter substations from 7 
to 65 miles distant from the power house. The substations east of 
Indianapolis are fed at 16,000 volts and are placed about 11 miles 
apart. The substations due north of Indianapolis are located at 
inter\'als of about 17 miles and are fed at 30,000 volts. 

The power station at Anderson has a total capacity of 5,000 K. W. 
The substations vary in capacity from 250 to 1,500 K. W. 

Efficiency of Transmission Systems. The average efficiency 
of a high tension transmission system for a certain interurban 
electric railway system are given below. Current was generated at 
380 volts. TTie step-up transformers raised it to a potential of 16,000 
volts at wliich pressure it was transmitted to eight substations at 
distances from 10 to 40 miles from the power station. It was then 
stepped down to 380 volts and converted to direct current by a rotary 
converter. The tests extended over a period of three days. The 
efficiency of the step-up transformers was 95 per cent; of the high 
tension line 92.9 per cent; of the step-down transformers 95 per cent; 
and of the rotary converters 88 per cent; giving a total efficiency of 
the transmission system of 73.5 per cent. 

Power House Location. A power house is usually located 
where coal and water supply can be cheaply obtained. For this 
reason it is placed either on some line of railroad or where coal can 
be taken to it over the electric railway. 

'As it is always desirable to operate the engines in connection 
with condensers, on account of the saving in fuel, which is approx- 
imately 20 per cent with condensers, power stations are located, 
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when possible, near rivers and ponds from which a large supply of 
cold water for condensation of exhaust steam can be obtained. 
"VSTiere no such natural water supply is available, it has become 
customary to provide means for artificially cooling a sufficiently 
large supply of water for condensation. One method is to erect a 
number of towers, so constructed that the water when pumped to 
the top will fall through a structure that breaks the water up into 
fine spray as it falls, thus allowing it to cool by evaporation so that 
it can be used again for the condensers when it arrives at the bottom 
of the tower. ^Miere more room is available, ponds are sometimes 
excavated near the power house, and the water is made to flow back 
and forth through a series of troughs located above the pond, and 
it is thus cooled. 

Where a power station is of the direct-current tj'pe, operating 
at 500 to 600 volts, it is desirable to have it as near the center of 
electrical distribution as possible, in order to keep down the amount 
of investment in the feed wire; but it is more important to have 
it located near a cheap coal and water supply than exactly at the 
center of distribution. 

It is also desirable to have the station located where there is 
room for coal storage, on account of the chances for intemiption 
of the coal supply by strikes, railroad blockades, and other causes 
beyond the company's control. The continuity of the coal supply 
is also another argument against placing the station w4iere depend- 
ence must be placed upon wagons or inadequate railroad facilities. 

Coal handling, after the coal has reached the station, is done 
by hand in tlie smaller pow^er stations; but in larger power stations 
it has come to he the general practice to do as much of the handling 
as possible by means of automatic coal conveyors. The most elal>- 
orate power stations have means for dumping coal from cars into 
hoppers, from which it is conveyed by an endless chain provided 
witli buckets, called a coal ccniverjor, to storage bins. Coal conveyoi*s 
also take the coal from the storage bins, and deposit it in the hoppers 
of mechanical stokers in front of the boilers. Ashes are conveyed 
from under the boilers by the same kind of conveyors, and are dumped 
into hoppers, whence they are drawn into cars or wagons to be 
.hauled awav. 
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The coal, having been deposited in hoppers at the boiler front, 
is automatically fed into the furnaces by automatic stokers. One 
t\'j)e of automatic stoker in common use is of the chain-grate or 
link-belt type, which is constructed like an endless sprocket chain, 
with links composed of heavy cast-iron blocks that serve as grate 
bars. This link belt or chain is kept in constant, slow motion by 
a small stoker engine or motor which operates all the stokers of a 
line of boilers. The coal is fed from the hopper on to the chain 
grate, and the chain is slowly moved under the boilers. As the 
coal on that part of the grate under the boilers is on fire, the fresh 
coal as it enters the furnaces is soon ignited. The grate is nm at 
such a rate, and the thickness of the coal is so adjusted, that the 
coal is burned to an ash bv the time it has traveled to the back of 
the furnace. There the grate turns down over a sprocket wheel, 
p.nd the ashes are dumped into the ash pit as the grate revolves. 

The boilers in most common use in large American electric- 
railway power houses are of the water-tube type, in which water is 
contained inside of a bank of tubes, the ends of these tubes being 
connected to drums or headers. The horizontal return-tubular type 
of boiler is used in many of the smaller power stations, and verti- 
cal boilers are also in use. 

The engines in the larger and more economical stations are 
generally of the Corliss compound-condensing type, running at 
speeds of from 60 to 120 revolutions per minute, according to the 
size of the unit. The smaller the unit, the higher the speed. In 
the smaller and older stations, simple Corliss engines belted to 
generators are frequently found, and high-speed engines also are 
used. It is the almost universal custom now, to place the generator 
directly on the engine shaft, making a direct-connected unit. 

Steam turbines, in whicli the steam acts in jets against the 
blades of a turbine wheel, are beginning to come into use at the 
present time. These turbines rotate at verj^ high speed, the largest 
and slowest speed-units running 600 r.p.m., and others at higher 
rates. As the output of any generator varies directly according 
to its speed, a verj' much smaller generator can be used when coupled 
to a high-speed steam turbine, to obtain a given output, than if the 
generator must be coupled to a Corliss steam engine which revolves 
at very low speed. The economy of the steam turbine at full load 
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is about that of a compound-condensing Corliss engine, but is better 
on light loads than the engine. The turbine requires less building 
space and a much less expensive foundation. 

Railway generators or dynamos for direct current are usually 
built with compound-wound fields, so that, as the load increases. 




they will automatically raise the voltage at their terminals to com- 
pensate for the drop in the feeders and to maintain a constant poten- 
tial at the cars, ThuS, if the line loss on a system is 10 per cent, or 
50 volts at full load, the generators will \>e provided with shunt fiekis 
of sufficient strength to give 500 volts at no loati, and with series 
field coils which will add to the field strength enough to give 5')0 
volts at full load. The amount of "compounding" — which is the 
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term applied to this method of increasing voltage — ^may be any 
amount within reasonable limits. The pressure maintained at 
different companies' electric-railway power houses varies, but is 
usually between 500 and 600 volts. 

AlternatinsT-Cuirent Generators. Alternating-current gen- 
erators used for generating alternating current to be distributed at 
high tension, are generally constructed fo give a three-phase cur- 
rent at 25 cycles per second. The voltage of these alternating- 
current generators is sometimes the voltage at which the power is 
to be transmitted, if the distances are not too great. A number 
of stations have alternating-current generators giving 6,600 volts 
at their terminals, which is a voltage well adapted to high-tension 
distribution within the limits of a large city. However, genera- 
tors giving 11,000 volts at their terminals are now becoming com- 
mon. For higher voltages than this, it is considered necessary to 
use step-up transformers, in order to raise the voltage to the proper 
pressure for transmission over long distances. In such cases there 
is no object in having a high generator voltage. At such stations 
the voltage of the generators adopted may be anything desired, 
and it varies according to the ideas of the constructing engineer. 
Voltages of 400, 1,000, and 2,300 are among those in most com- 
mon use. 

Double-Current Qenerators. Double-current generators are 
sometimes used, which generators will give direct current at a 
commutator at one end of the armature for use on a 600-volt direct- 
current distribution system supplying the trolley direct. The other 
end of the armature has collector rings from which the three-phase 
alternating current is obtained, which can be taken to step-up trans- 
formers and raised to a sufficient pressure for high-tension transmis- 
sion to substations at distant parts of the road. The same generator 
can therefore be used on both the direct-current and the high-tension 
alternating-current distribution. 

General Plan of Power Stations. The general plan of an 
electric-railway power station is usually such that the building can 
be extended and more boilers, engines and generators added without 
disturbing the symmetrical design of the station. Thus, the boilers 
and engines are placed as in Fig. 88, in parallel rows, although almost 
invariably in different rooms separated by a fire wall. By adding 
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to the row of engines and to tlie row of boilers, the station capacity 
can be increased. Other arrangements are sometimes required by 
circumstances; but this is the must common arrangement and gives 
the greatest capacity with the minimum amount of steam piping. 
I^arge stations are sometimes constructed with a boiler room of 
several floors and with boilers on each floor, in order to save grounti 
space and bring tlie boilers near to the large engine units so that there 
will not be an excessive amount of steam piping. 

Switchboards. Direct-ciir- 
rent stations have switchboards, 
which may be considered under 
two general classes — generator 
hoards and feeder boards. Each 
board consists of panels. 

Generator D. C. Panels. 
The generator panel usually con- 
tains an automatic circuit breaker 
which will open the main circuit 
to the generator in case of an 
overload due to a short circuit. 
These circuit breakers consist of 
a coil in the main cireuit, which 
acts upon a solenoid. \Vhen the 
current in the coil exceeds a cer- 
tain amount, the solenoid is 
ilrawn in, and a trigger is trip- 
ped which allows the circuit 
breaker to fly open under the pressure of a spring. In the General 
Electric circuit breaker, the main contact is made by heavy copper 
jaws, but the last breaking of the contact is made between points 
which are under the influence of a magnetic field. This magnetic 
field blows out the hea^y arc that would otherwise be established. 
On the I-T-E, the Westinghouse and most other types of circuit 
breaker, the breaking of the contact takes place between carbon 
points, which are not so readily destroyed by an arc as are copper 
contacts, and which are more cheaply renewed. The main contact 
through the circuit breaker, in either type, is made between copjicr 
jaws of sufficient cross-section for carrying the current without heating. 




Fig, fOa. Q. B. Circuit Breaker, 
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These jaws open before the current is finally broken by the smaller 
contacts which take the final arc. 

In Fig. 89o is seen a General Electric circuit breaker with the 
magnetic blow-out coils at the t(^, the solenoid at the left, and the 
handle for resetting the circuit breaker at the bottom. The small 
handle for tripping the circuit breaker, when it is deaired to oi)en 
the circuit by hand, is shown just under the solenoid. 

An I-T-E circuit breaker is shown in Fig. 89fc. This is of 
the type previously mentioned, in which the break occurs between 
carix>n contacts and there is no magnetic blow-out. 

In addition to the circuit 
breaker there is usually an 
ammeter, to indicate the cur- 
rent passing from the gener- 
ator; and a rheostat handle, 
geared to a rheostat back of 
the board, for cutting in and 
out more or less resistance in 
the shunt field coils of the 
generator so as to reduce or 
raise the voltage. There is 
a small switch for opening 
and closing the circuit through 
the shunt field coils. 

The main leads from the ^.^ ^ ,.^.g (,,„^, ^^^^^ 

generator pass through two 

single-pole quick-break knife switches. Tlie most recent practic'e is to 
have the switches on the switchboard in only the positive and n^ative 
leads from the generator, leaving connection to the equalizer to b« 
made by a switch located on or near the generator. However, all 
three leads may be taken to the switchboard, and a three-pole knife 
switch may be used instead of the positive and negative switches 
spoken of. 

In Fig. 90 is given a simple diagram of the general relative 
connection of generators and feeders in a direct-current railway 
power station. It is seen that the generators are connected in parallel 
across the positive and negative bus bar. There is a third bus bar 
— called an "equalizing bus" — which connects in parallel the series 
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coils of all the generator fields. The object of this equalizer is to 
prevent the weakening of the series field of any one generator, so as to 
allow it to take current and to act as a motor instead of as a generator. 
Starting Up a Oenerator. Suppose that a new generator is 
to be starte<l up and connected to the bus bars in addition to others 
alreaily in operation. The engine of that generator is first brought 
up to speeiJ. The switch controlling the shunt field circuit is then 
closed; causing current to flow through the shunt fields; and the 
generator begins to "build up," its voltage gradually rising until 
it approximates that upon the bus bars. Before the generator is 
thrown in parallel with the others by connecting it with the bus 
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bars, it is important that its voltage be nearly the same as that of 
the bus bars. Otherwise, when connecte<l to the bus bars, it might 
take more than its share of the load; while, on the other hand, if 
its voltage were too low, it might act as a motor, taking current 
from the bus bars. Tlie voltage of the bus bars in a railway station 
is constantly fluctuating, owing to the varying load and to the fact 
that generators are often compounded, as before mentioned, in order 
to C'ompensate for the line loss. 

In order that the voltage of the generator to be thrown in shall 
varj' in accordance with the bus bar voltage, the next step in the 
operation is to close the positive switch, assuming that the equalizer 
switch on the generator has already been closed. Tliis throws the 
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series field of the new generator in parallel with the series fielils of 
the other generators. The voltage of the new generittor will there- 
fore vary just as the voltage on the bus bars; and, hy atljiisting the 
resistance of the shunt field, thi-s voltage can lie a<ljusted so as to he 



the .same as that on the bus bars. The voltages on the Ijius bars and 
on the new generator are measured usually hy a large voltmeter on 
a bracket at the end of the generator switchboard. By means of a 
voltmeter plug or of a push button on the generator panel, the volt- 
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meter can be connected either to the bus bars or to the new generator. 
When the two voltages are the same, the negative switch of the new 
generator can be closed, and it will operate in parallel with the other 
generators, taking its share of the load. If the attendant sees that 
any generator is not taking its share, he can raise its voltage by cutting 
out some of the resistance in series with its shunt field, and this makes 
that generator take more load. 

Feeder Panel. The feeder panel is simpler than the generator 
panel, since it usually handles only the positive side of the circuit. 
Frequently two feeders are run on a single panel side by side. The 
feeder panel has an automatic circuit breaker, an ammeter for indi- 
cating the current on that feeder, and a single-pole switch for connect- 
ing the feeder to tlie bus bar. All generators feed into a common set 
. of bus bars; and the positive bus bar continues back of the feecier 
panels so that all feeders can draw current from the bus bars. Fig. 
91 shows a railway switchlK)ard with 7 feeder panels at the right; 
4 generator panels at the left; and, in the middle, a panel with an 
ammeter and recording wattmeter for measuring total output. 

In some stations two and even three sets of bus bars are used, 
as it may be desired to operate different parts of the system at different 
voltages or to feed a higher voltage to the longer lines than to those 
near the station. In such a case double-throw switches are provided 
for connecting feeders and generators to either set of bus bars. »♦> 

Alternating-Current Switchboards. In an alternating-cur- 
rent station, generator switchboards are radically different from 
those in a direct-current station. Practice in alternating-current 
generator switchboards has not yet been so fully standanlized and 
is not so uniform as in direct-current railway switchboards. There 
is always, however, a three-pole main switch for opening and clos- 
ing the main three wires from the three-phase generator. Auto- 
matic circuit breakers are usually provided, as well as indicating 
ammeters and wattmeters to show the output. 

Indicating wattmeters, recording the number of watt hours 
passing through them, are frequently used both on alternating and 
direct-current generator panels. 

A station usually has what is called a "total load" panel, which 
has a recording wattmeter measuring the total output of the station 
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in kilowatt hours. This panel also has an ammeter indicating the 
total station load. 

tiigh-Tension Oil Switches, iVltemating-current generators 
for high voltages usually have oil switches to interrupt the main 
circuit, that is, switches in which the contact is made and broken 
under oil. These switches have been found verj- efficient in pre- 
venting the formation of a destructive arc upon the opening of a 
high-voltage circuit, on circuits up to 60,000 volts. Some of the 
larger oil switches are operated by electric motors or solenoids. 
The machine-type oil switch of the General Electric Company has 
the motive power for operating the switches, stored up in a spring. 
The spring is wound up by a small electric motor. This motor 
operates every time the switch is opened or closed, and winds up 
the spring enough to compensate for the amount it was unwound 
in operating the switch. Each circuit is broken under oil in a long 
tul)e, and these tubes are mounted in individual cells, each cell 
being separated from the next by a masonry wall so that there can 
be no flashing across from one leg of the circuit to another in case 
of any defect in the switch. All the high-tension wiring to and 
from such switches, is taken either in lead-covered cables, or on 
bus bars separated from each other by masonry walls to prevent the 
spread of short circuits. These precautions are necessary because 
of the great length of arc that may be estabUshed between adjacent 
high-tension conchictors. 

Where alternating-current generators of low voltage are used 
in connection with step-up transformers, one practice is to have 
the switches for each generator directly in the generator leads, be- 
tween the generators and the step-up transformers, in the low-voltage 
circuit. 

Another practice which has recently been introduced, is to con- 
sider each generator with its step-up transformers as a unit and to 
connect the generator permanently with its bank of transformers, 
and to control this unit by a single three-pole machine-operated 
oil switch. In this case there are no switchboard switches between 
generators and transformers, and this simplifies the switchl)oard 
considerably. There must be switches on the high-tension side of 
the transformers in any event. 
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The switchboard for rotary converters in the substations is,* 
of course, a combination of alternating and direct-current apparatus. 
The direct-current ends of the rotary converters are treated almost 
exactly like direct-current railway generators; and their switchboard 
panels are similarly ecjuipped, except that usually there is a rheostat 
that can l>e connected in series with the arnuiture whereby a rotary 
converter can be brought up to speed from a state of rest by connecting 
it with the direct-current bus bars of the substation. 

The alternating-current end of the rotaiy cooverter is sup- 
plied through switches in the alternating-current leads from the 
step-down transformers. A rotary converter fan be started from 
a state of rest by connecting it to the alternating-current leads through 
the medium of compensating coils which reduce the voltage. A very 
heavy current is required to do this, as the motor thus starts as a very 
inefficient induction motor with a very low power factor. 
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Fig. 02. Connection of Substailons. 

There are usually but two direct-current feeder panels in a 
substation of an interurban electric road. One of these feeders 
is to supply the trolley or third rail extending in one direction from 
the substation, and the other feeds that extending in the other direc- 
tion from the substation. The trolley or third rail has a section 
insulator directly at the substation. \\Tien both feeders are con- 
nected to the bus bars, it is evident that this section insulator is short- 
circuite<l through the medium of the substation bus bars, every sul>- 
station on the line being connected in this way, as indicated in Fig. 92. 
It is seen that, should a short circuit occur on any section, it would 
open the circuit breakers at the substations at both ends, and that 
section would not interfere with the balance of the road. At the 
same time, when the road is in normal operation and there is an 
unusually heavy load between any two substations, the other sub- 
stations along the line can help out those nearest to the load by feeding 
through the bus bars of the nearest substation. 
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I'lie higli-tension apparatus at a substation consists usually 
of a bank of high-tension lightning arresters; high-tension switches, 
for shutting oflf the higli-tension cuiTent; and step-down transformers, 
for reducing from the high transmission voltage to the 370 volts 
commonly fed to the alternating-current end of railway rotary con- 
verters. 

Storage Batteries in Stations. Storage batteries are fre- 
cjuently used both in substations and in direct-current power stations. 
They may be connected directly across the line and allowed to "float," 
as it is termed ; or they may be used in connection with storage-batterj' 
boosters, which will cause the storage batterj' to take the fluctuations 
in the load and to give a constant load on the rotarj' converters or 
power station. The action of storage-battery boosters wliich cause 
the storage battery to be charged automatically at light loads and to 
discharge and assist the station at heavy loads, is explained in the 
paper on "Storage Batteries." 

ALTERNATING-CURRENT SYSTEMS. 

So far this paper has been devoted almost entirely to electric 
railway systems employing 500-volt direct-current motors on the 
cars, since this is the system almost imiversally employed on elec- 
tric railways at the present time. There are, however, several sys- 
tems employing alternating-current motors on cars, which have 
already been used experimentally and to some extent commercially. 
Some of these give promise of coming into extensive use. 

Three-Phase Motors. On several roads in Europe three- 
phase induction motors are employed. These induction motors 
are operated by three-phase alternating current taken direct from 
the trolley wires. As three conductors are necessary, two trolley 
wires are used, with the rails as the third conductor. The tw-o 
principal objections to the system are the necessity of two trolley 
wires, and the fact that the induction motor operates very much 
like a direct-current shunt motor in that it is a constant-speed motor 
and not adapted to variable-speed work. The poller factor is low 
in starting; that is, a great volume of current is taken, although, 
owing to the voltage and the current not being in phase, the actual 
energy consumed is small. 
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Single-Phase Motors. The Westinghouse Electric & Manu- 
facturing Company has brought out a railway motor adapted to 
operate on single-phase alternating-current circuits. This motor 
is verj- similar in constniction to the ordinary series-wound 500-volt 
direct-current railway motor. It has, however, more field poles 
than the ordinary direct-current motor; and the pole pieces are 
laminated to avoid heating of the iron by eddy currents caused 
by the influence of the alternating current. There are also other 
special features in the design that reduce the sparking at the com- 
mutator, which sparking was for several years the greatest obstacle 
to the use of alternating-current motors of this kind. In the West- 
inghouse system the current is taken from the trolley wire at high 
potential, and is reduced by an auto-transformer on the car. This 
auto-transformer is connected with an induction regulator so ar- 
ranged that a low voltage can be supplied to the motor in starting 
or for slow nmning, and this voltage increased to increase the speed. 
There is thus no need to reduce the trolley voltage by wasting part 
of it in a rheostat, as is the case with direct-current motors; and the 
efficiency during acceleration is, tlierefore, higher with this alternating 
system than with the direct current. Several other single-phase 
railway motors are also being worked out at the present time, includ- 
ing that of the General Electric Company. 

Alternating-Current Motor Advantages. There are two 
great advantages secured by the use of an alteniating-current railway 
motor. The first is a reduction in investment and operating expenses 
by doing away with substations containing rotary converters. Such 
substations are necessary on long lines of railway operating w-ith 
direct-current motors. The second advantage is that, owing to the 
fact that a high tension current can be used on the trolley wire and 
reduced by a transformer on the car, tlie difficulties of collecting a 
large amount of energy from a trolley wire are much reduced. 

First, in regard to the substations, it will be seen that with 
the altemating-ciirrent motor system, high-tension current can be 
conducted from the power house to substations along the line which 
contain nothmg but static transformers. Since these transformers 
liave no revolving parts they do not require the constant attendance 
that a rotary converter does. Furthermore, the investment in rotary 
converters is entirely dispensed with, and this makes a considerable 
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reduction in the total cost of the distribution plant. With the alter- 
nating-current system, current is fed direct to the trolley wire from 
the secondary terminals of the transformers at the substations. 

As regards the advantages of carrying a high voltage on the 
trolley wire, it will readily be seen that, since the amount of power, 
or the watts required by a car, is equal to the product of the voltage 
and current, an increase in the voltage reduces the volume of current 
necessary. By having high voltage on the trolley wire, even a large 
car can be operated with a small volume of current, and this current 
can be taken through an ordinary trolley wheel without difficulty. 
Where 500 volts is the pressure used on the trolley wire, there is con- 
siderable flashing and burning of trolley wheel and wire when large 
cars and locomotives are run, owing to the heavy current conducted; 
and this has been one of the principal reasons for tlie adoption of 
the thinl rail instead of the trolley on certain roads. Even with the 
third rail, the volume of current that must be conducted to large 
electric locomotives involves some difficulties in the way of heated 
contact shoes and considerable loss of energy. The use of high 
voltage on the trolley wire, with transformers on the car to reduce 
the voltage . to a safe pressure for use on the motors, overcomes 
manv of the difficulties that would otherwise be found in the use 
of electricity for heavy railroad work. 

OPERATION. 

Power Taken by Cars. The amount of power required in 
the practical operation of a car depends upon so many variable 
elements that many of the calculations sometimes given for deter- 
mining the power required by a car are of little value. The theo- 
retical horsepower required to maintain a car at a certain spted 
on a level, is evidently the tractive effort in pounds multiplied by 
the speed in feet per minute and divided by 33,000. What the 
tractive effort per ton of car will be, depends on the condition of 
the rail and on several other uncertain factors. For street-railway 
motor cars, 20 pounds per ton is the usual tractive effort assumed 
as necessary. A calculation of this kind, however, takes no account 
of the losses in the motors and gears, nor of the fact that the greater 
part of the power re(|uired to propel a street car in practical service 
is used in accelerating the car from a state of rest to full speed. In 
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interurban service, of course, the power required in acceleration is 
not so great a proportion of the whole. 

The safest figures to use in engineering calculations as to the 
amount of power required, are those taken from actual results olv 
tained in everyday commercial service. The power required by 
an eight-ton car in service in a large city like Chicago, is in the neigh- 
borhood of one kilowatt hour per car-mile run. On outlying lines 
this figure may be reduced to .7 kilowatt hour, and in the down-town 
districts may run up to 1.5 kilowatt hours per car mile. Double- 
truck cars in city service, weighing from 20 to 25 tons, take from 
2\ to 4 kilowatt hours per car mile at the power station. Interurban 
cars around Detroit, weighing about 32 tons, in interurban service, 
making 25 miles per hour, including stops, in level country, and 
geared to 43 miles per hour, take about 3 kilowatt hours per car mile 
at th3 power station. However, interurban railway conditions are 
extr3mely variable. 

The reports of several Indiana electric railways show an average 
powe:' consumption of 1.48 kilowatt hours per car mile for city cars 
and 5.18 kilowatt hours for interurban cars, including line and dis- 
tribution losses. 

An interurban car weighing 31 i tons and ecjuipped with two 
150 horsepower motors, on a test nni of 50 miles at an average speed 
of 39 miles per hour consumed 2.20 kilowatt hours per car mile. 
This car ma<le 18 stops. A similar car under the same conditions 
made the same run at an average speed of 20 miles per hour with 
44 stops, consumed 2.44 kilowatt hours and a third car, making 1 2 
stops and at a speed of 33 miles per hour, consumed 2.10 kilowatt 
hours per car mile. These individual car test figures are from 
measurements taken at the car and do not include line losses. 

Road Tests of Electric Cars. Of late considerable attention 
has been given to making road tests of electric cars. The results 
of the tests are usually plotted in the form shown in Fig. 93. Time 
is plotted horizontally in seconds, while volts, amperes, speed and 
per cent grade are plotted vertically. The diagram referred to is 
the result of a continuous run of 6 minutes of a 32.5 ton car equipped 
with two motors. The line voltage, motor consumption and other 
readings may be obtained for any instant of time. The acceleration 
in miles per hour per second may be obtained by noting the increa.se 
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in height of the speed cune in one second. In making such a test 
the necessary instruments, voltmeters, ammeters, wattmeters and 
speed indicators are mounted direct on the car and are read at in- 
ter\'als of a few seconds. 

The cur\'e of motor consumption gives an idea of the abnormal 
current required to get the car under headway. 

Economy in Power. As already stated, a large part of the 
energy taken by a car in city service is useil in accelerating the car. 
Much of this energy must be destroyed or used up in the brake shoes 
at the next stop. The energy stored up in a car by process of accel- 
eration is represented by the formula: 

„ . * „ Mass in lbs. X (Velocity in ft. per sec.)^ , . , 
Energy m ft. lbs. = 9 " » which 

is the formula for kinetic or live energy, the derivation of which is 
found in any Instruction Paper on Mechanics. In performing any 
given schedule with frequent stops, the more rapid the acceleration 
the lower the maximum speed required to make the schedule, and the 
less the energj' required in acceleration. For city street and elevatetl 
sen'ice, therefore, rapid acceleration and low maximum speeds are 
desirable because not only more economical but safer. 

For economical operation with any given equipment and sched- 
ule, it is important to use as much of the energy stored up in the 
car as possible, before wasting it by applying the brakes. Motors 
are built of a size to yield the large horsepower required in accelera- 
tion, and conse(iuently are lightly loaded when operating the car 
at maximum speed. To economize in power, current should be shut 
off as soon as possible after the car has attained full speed; and the 
car should be allowed to drift without current as long as possible 
before the brakes are appUed. In this way the energy stored in the 
car will propel it at nearly maximum speed for a considerable dis- 
tance between stops; there will be the smallest possible waste of 
energy in the brake shoes; and the losses of energy which take place 
when the current is in the motors will be prevented as far as possible. 
Practical tests as well a.s theoretical calculations show a possibility 
of very material saving in energy in the operation of an electric railway 
car or train, by the observance of this simple rule of drifting as much 
as possible and using the brakes as little as possible. \Miatever 
energy is used up in the brake shoes is necessarily wasted. The 
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smaller this waste can be kept while performing a given service, the 
greater the economy secured. 

Cost of Power. The reports of 85 per cent of the railway 
power generating stations in Indiana show the average cost at the 
station per kilowatt hour to be .755 cent. This was divided as follows : 
Fuel .520 cents, labor .158 cents, lubricants and miscellaneous sup- 
plies .032 cents, repairs .039 cents. The lowest cost reported was 
.505 cents. 

During 1901 the average cost of power generated at the power 
house of the Indiana Union Traction (^ompany was .443 cents per 
kilowatt hour at the switchboard. Distributed from the substations 
it was .765 cents per kilowatt hour. Natural gas was used for fuel. 
On occasions when this failed, coal at SI. 50 per ton was burned. 

Sliding and Spinning^ Wlieels. In acc*elerating a car, how- 
ever, there is no economy in turning on current so rapidly as to spin 
the wheels. As mentioned in the section on "Brakes," the tractive 
effort between wheels and rails falls off about two-tliirds when the 
wheels begin to slip; and this slipping of wheels, therefore, reduces 
the chance of securing the acceleration which is possible. For the 
same reason, in making emergency stops either by the use of brakes 
or by reversing the motors, care should be taken not to sHde the 
wheels, as by so doing the time recjuired to stop the car is much 
increased. 

In the ordinary straight air-brake e(|uipment used on heavy 
electric cars, there is much higher pressure carried in the storage 
reservoir than it is permissible to turn into the brake cylinder, since, 
if the full pressure were turned into the brake cylinder, it would 
result in sliding of the wheels — which, it has just been shown, is 
something to be avoided, not only on account of making flat spots 
on the wheels, but also because of the reduction in the braking force 
as soon as the wheels begin to slide. An experienced motorman 
can tell from the feeling of the car when the wheels are sliding, and 
will instantly release the brake suflBciently to allow the wheels to begin 
to revolve as soon as he notices that this has taken place. 

The friction between brake shoes and car wheels decreases as 
the speed increases. A certain pressure applied to the brake shoes 
upon a car rimning 50 miles per hour, therefore, exerts much less 
retarding force than the same pressure at ten miles per hour. In 
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order to give the same braking or retarding force at higher speeds, 

the brakes must be applied harder than at the lower speeds. If 

they are applied at the maximum pressure possible without sliding 

the wheels at higher speeds, it is evident that this pressure must 

be reduced as the speed of the car is reduced, or the wheels will be 

"skidded." In the Westinghouse high-speed automatic air brake 

used on steam roads, this reduction of pressure is automatically 

accomplished. 

TESTING FOR FAULTS. 

Bond Testing. It is important to test the conductivity of 
rail bonds from time to time in order to determine if thev have de- 
teriorated so as to reduce their conductivitv and introduce an unneces- 
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Fig. iM. Bond TtstiiiK- 



sarv amount of resistance into tlie return circuits. One way of 
doing this is to measure the drop in potential over a bonded joint 
as compared with the drop in potential of an equal length of unbroken 
rail. To do this, an apparatus is employed whereby simultaneous 
contact will be made bridging three or more feet of rail and an equal 
length of rail including the bonded joint, as shown in Fig. 94, which 
illustrates the connections of a common form of apparatus where 
two milH-voltmeters are employed that measure the drop in voltage 
of the bonded and unbonded rail simultaneouslv. If the current 
flowing through the rail due to the operation of the cars were constant, 
of course one milli-voltmeter might be used, being connected first 
to one circuit and then to the other. The current in the rail, however, 
fluctuates rapidly, so that two instruments are necessary for rapid 
work. The resistance of the bonded joint is usually considerably 
more than that of tlie unbroken rail, and the inilli-voltineter used to 
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bridge the joint consequently need not be so sensitive as that bridging 
the unbroken rail. 

In another form of apparatus, a telephone receiver is used in- 
stead of the milli-voltmeter, the resistance of a long unbroken rail 
being balanced against that of the bonded joint, as in a Wheat- 
stone bridge, until, upon closing the circuit, these two resistances 
>\hen balanced give no sound in the telephone receiver. 

Bond tests of this kind can be made with satisfaction only 
\\hen a considerable volume of current is flowing through the rails 
at the time of the test, because the drop in voltage is dependent 
on the current flowing, and in any event is small. It havS some- 
times been found necessary or advisable to fit up a testing car equipped 
with a rheostat which will itself use a considerable volume of current, 
so as to give a current in the rail which will give an appreciable drop 
of potential across a bonded joint. Some of the latest forms of testing 
cars carry motor generators which will pass a large current of know^n 
value through a bonded joint, and so cause a drop of potential across 
the joint large enough to be easily measured. 

riotor-Coll Testing. Testing for faults in the motor armature 
and field coils is done in a great variety of ways. The resistance 
of these coils can be measured by means of a \Mieatstone bridge 
employing a telephone receiver in place of the galvanometer used 
in such bridges in lal)oratory practice; but other less delicate tests 
are also in use. 

Another method is to pass a known current through the coil 
to be tested and to measure the drop in the voltage between the 
terminals of the coil, the voltage divided 'by the current equaling 
the resistance. 

A simple method, and one which involves no delicate instru- 
ments, has lately been introduced into railway shop practice very 
successfully. This is known as tlie transjormer test for short-circuited 
coils. It requires an alternating current which can easily be supplied 
either by a regular motor generator or by putting collecting rings 
onto an ordinary direct-current motor and connecting these rings to 
bars of opposite polarity on the commutator. 

The method of testing for short-circuited armature coils em- 
ployed in the shops of the St. Louis Transit Company is indicated 
in diagram in Fig. 95. A core built up of soft laminated iron is 
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wound with 28 turns of No. 6 copper wire. This coil is supphed 
with alternating current from a 110-volt circuit. The core has 
pole pieces made to fit the surface of the armature. ^Vhen one 
side of a short-circuited coil in the armature is brought between 
the pole pieces of this testing transformer, as in Fig. 95, the short- 
circuited armature coil becomes like the short-circuited secondary 
of a transformer, and a large current will flow in it. This current 
will in time manifest itself by heating the coil; but it is not necessary 
to wait for this, as a piece of iron held over that side of the coil not 
enclosed between the pole pieces, as indicated in Fig. 05, will be 
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Fig. 95. Method of Testing for Short-circuited Armature Coils. 

attracted to the face of the armature if held directly over tlie coil, 
but will l)e attracted at no other point. 

This testing can be done very rapidly, and does not re(|uire 
delicate instmments or skilled operators. 

Tests for short circuits in field coils can be made in a similar 
manner, by placing the coils on a core which is magnetized by alter- 
nating current. The presence of a short circuity even of one con- 
volution of a field coil, will be apparent from the increase in the 
alternating current required to magnetize the core upon whicli 
the field coil is being tested. 
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The insulation resistance of armatures and fields is frequently 
tested by means of alternating current, about 2,000 volts being 
the common testing voltage for 500-volt motor coils. One termi- 
nal of the testing circuit is connected to the frame of the motor, 
and the other to its windings. Any weakness in the insulation 
insufficient to withstand 2,000 volts will^ of course, be broken down 
by this test. Alternating current is generally used for such tests 
because it is usually more easily obtained at the proper voltage, as 
it is a simple matter to put in an alternating transformer which will 
give any desired voltage and which can be controlled by a primary 
circuit of low voltage. 

Open circuits in the armature can be easily detected by placing 
the armature in a frame so that it can be rotated, the frame being 
provided with brushes resting 90° apart on the commutator. If 
either an alternating or direct current be passed through the armature 
by means of these brushes, and the armature be rotated by hand, 
a flash will occur when the open-circuited coils pass under the brushes. 
A large current should be used. 

The tests just mentioned are among the best of the methods 
used by electric-railway companies for systematic work in the loca- 
tion of certain classes of faults. A large number of other methods 
of testing have also been evolved. 

The following are some of the most common faults experienced 
with electric railway car equipments: 

Grounds. As one side of the circuit is grounded, any acci- 
dental leakage of current from the car wiring or the motors to ground 
will cause a partial short circuit. Such a ground on a motor will 
manifest itself by blowing the fuse or opening the circuit breaker 
whenever current is turned into the motor. In case the fuse blows 
when the trolley is placed on the wire and the controller is off, it is 
a sign that there is a ground somewhere in the car wiring outside 
of the motors. Moisture and the abrasion of wires are the most 
common causes of grounds in car wiring. In motors, defects are 
usually due to overheating and the charring of the insulation. 

Burn-Outs. Burning out of motors is due to two general 
causes: First, a ground on the motor, which, by causing a partial 
short circuit, causes an excessive f'nrrent to flow; second, overload- 



121 



ELECTRIC RAILWAYS 



ing the motor, which causes a gradual burning or carbonizing of 
the insulation until it finally breaks do\^Ti. 

Short-circuited field c*oils having a few of their turns short- 
circuited, if not promptly discovered, are likely to result in burned- 
out armatures, as tlie weakening of the field reduces the counter- 
electromotive force of the motor, so that an abnormally large current 
flows through the armatures. Cars with partially short-circuited 
fields are likely to run above their proper speed, though, if only one 
motor on a four-motor equipment has defective fields, the motor 
armature" is likely to bum out before the defect is noticed from the 
increase in sj>eed. 

Defects of Armature Windins^s. Defects in armature wind- 
ings probably cause one- 
third the maintenance ex- 
penses of electrical ecjuip- 
ment of cars. Almost all 
repair shops have men con- 
tinually employe<l in repair- 
ing them. The most fre- 
quent trouble with arma- 
tures is through failure of 
the insulation of the coils 
and conse(juent "ground- 
ing." This term is used in 
connection with armatures 
and fields and other elec- 
trical apparatus where a 
direct path exists to ground. 
As the armature core is electrically connet'ted to the ground tlm)ugh 
its l)earings and the motor casing, a break down of the insulation 
of the coils in the slots permits the current to pass directly to ground. 
This shunts the current around the fields and an abnormal current 
flows because of their weakness. The circuit breaker or fuse is 
placed in circuit to protect, the apparatus in such an emergency, but 
usually before such devices break the circuit, several of the coils of 
the armature are burned in such a manner as to make their removal 
necessary. The coils are so wound on top of one another that in 
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order* to replace one coil alone, one-fourth of the coils of the arma- 
ture must \ye lift^^d. 

With the armature of 
No. 1 motor grounded the 
car will not oj)erate and if 
the resistance points l>e 
passed over, the fuse will 
usually blow. When No. 2 
motor is grounded the action 
of No. 1 motor is not im- 
paired and this latter motor 
will pull the car until the 
controller is thrown to the 
multiple position. But if 
tlie motors are thrown in 
multiple, the path through 
the ground of No. 2 motor 
shunts motor No. 1. A 

study of Fig. 18 will make this evident. 

Next to grounding, open circuits are the most serious defects 

of annatures. These are . 

usually caused by burning 

in two of the wires in the 

slot, or where they cross 

one another in passing to 

the commutator. Some- 
times the connections where 

the leads are soldered to 

the commutator become 

loose. 
The effect of an open 

circuit is shown in Fig. 96. 

The circuit is open at n. 

The brushes are on seg- 
ments a and d. By tracing 

out the winding it will be 

found that no current flows through the wires marked in heavy linas. 

Whenever segments c and d are under a brush the coil with the open 
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circuit is bridged by the brush and current flows as in a norma] 
armature. As segment c passes out from under the brush the open 
circuit interrupts the current in half the armature and a long flaming 
arc is dra^iTi out. 

In Fig. 97 is shown the result of a short circuit between two 
coils. The short circuit is at b, c, the two leads coming in contact 
with each other when thev cross. The effect is to short-circuit all 
of the winding indicated by the heavy lines. 

Mistakes in Winding^ Armatures. The armature winder is 
given very simple rules as to how to wind the armature, but the great 
number of leads each to be connected to their proper commutator 
segment sometimes so confuse him that misconnections are made. 
The effect of getting two leads crossed is shown in Fig. 98. The 

leads to segments b and c 
from the right are shown 
interchanged This short- 
circuits the coils shown in 
heavv lines. The abnormal 
current resulting in these 
would usually cause them 
to bum out. 

Fig. 00 shows the results 
of placing all of the top 
leads or all of the bottom 
leads one se<xinent bevond 
tlie proper position. This 
causes the circuit starting 
from a and traveling coun- 
ter clockwise around the 
armature to return on segment vi instead of on segment fc as is the 
case in Fig. 97. 

The only result of such connections is to change tlie direction 
of rotation of the annature. It may be noticed by comparing the 
two figures that with the positive brush on segments a the arrows 
show the currents to be in opposite directions in coils similarly locateil 
with reference to the position of the brushes Some armatures are 
intended to be wound as in the hist case mentioned. 




Fig. 99. 
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Sparking at the Commutat6r. As railway motors are made 
to operate, and usually do operate, almost sparklessly, sparking at the 
brushes may be taken as a sign that something is radically wrong. 

The pressure exerted by the spring in the brush, holder may 
not hold the brush firmly against the commutator. 

If brushes are burned or broken so that they do not make good 
contact on the commutator, they should be renewed or should be 
sandpapered to fit the commutator. 

A dirty commutator will cause sparking. 

A commutator having uneven surface will cause sparking, and 
should be polished off or 'turned down. 

Sometimes the mica s^ments between commutator bars do not 
wear as fast as the bars 
and when this is the case, 
the brushes will be kept 
from making good contact 
when the commutator bars 
are slightly worn. The 
remedy is to take the arm- 
ature into the shop, and 
groove out the mica between 
the commutator bars for a 
depth of about ^^^-inch be- 
low the commutator surface. 

A greenish flash which 
appears to nm around the 
commutator, accompanied 
by scoring or burning of the 

commutator at two points, indicates that there is an open-circuited 
coil at the points at which the scoring occurs as in Fig. 100. 

The magnetic field may be weakened by a short circuit in the 
field coils, as before explained, and this may give rise to sparking. 

Short circuits in the armature may give rise to sparking, but 
will also be made evident by the jerking motion of the car and the 
blowing out of the fuse. 

Failure of Car to Start, The failure of the car to start 
when the controller is turned on may be due to any of the following 
causes : 




Fijj^. 100. 
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Opening of the circuit breaker at the power house. 

Poor contact between the wheels and the rails owing to dirt or 
to a breaking of the bond wire connections between the rail on which 
the car is standing and the adjacent track. 

One controller may be defective in that one of the contact fingers 
may not make connection with the drum. In this case try the other 
controller if there is another one on the car. 

The fuse may be blown or the circuit breaker opened. The 
occurrence of either of these, however, is usually accompanied by 
a report which leaves little doubt as to the cause of the interruption 
in current. 

The lamp circuit is always at hand for testing the presence of 
current on the trolley wire or third rail. If the lamps light when 
the lamp circuit is turned on, it is a tolerably sure sign that any 
defect is somewhere in the controllers, motors, or fuse boxes, although 
in case the cars are on a very dirty rail enough current might leak 
through the dirt to light the lamps, but not sufficient to operate the 
cars. In such a case, the lamps will immediately go out as soon as 
the controller is turned on. Ice on the trolley wire or third rail will 
have the same effect as dirt on the tracks. 

LOCATINQ DEFECTS IN MOTOR AND CONTROLLER 

WIRING. 

Defects in the wirings are those due to (1) open circuits, (2) 

short circuits. Open circuits make themselves evident by no flow 

of current, short circuits usually by a blowing of the fuse or opening 

of the breaker. The point of the short circuit or "ground" can be 

located roughly by noting on what point the fuse is blown. Accurate 

location can be made by cutting out the motors, disconnecting, otc, 

according to directions in the following p&ges. The tests outlined 

apply particularly to the K type of controller with two-motor equip- 

ment. 

OPEN-CIRCUIT TESTS, 

No current: 

On 1st point, 

Open circuit but not located. 
On 1st point multiple. 

Motors most probably O. K. 
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On series-resistance points after trying 1st point multiple, 
Open circuit outside controller and equipment wiring. 

With an open anywhere between trolley and ground no current 
will flow on the first point. Opens are most likely to occur in the 
motors and these may be tested first. However, as will be explained 
later, one open in an annature will not stop the current. To test 
the motors open the breaker and put the controller on the first point 
multiple. Then flash the breaker quickly. Current flowing indi- 
cates that one or. the other of the motors has an open circuit. In 
the series position this open prevented the flow but in multiple the 
current flows through the other motor. Which one is at fault can 
be quickly determined by returning the controller to the off position 
and cutting out one or the other of the motors by means of the cut-out 
switch and then trying for current. The car can in any event be 
run on the remaining motor. On returning to the shop the open 
can be determined definitely by the use of the lamp bank. 

But should no current flow when the breaker is flashed on the 
6th point it is reasonable to presume that the motors are O. K. and 
that the open is elsewhere. The ground for such a supposition is 
that as there is a path through each motor normally, there would 
necessarily be an open in each one to stop the current. It is hardly 
probable that such a coincidence would occur. 

After failure to find fault with the motors, doubt as to the resist- 
ance may be removed. The controller should be placed on progres- 
sive series-resistance points and the breaker flashed on each one. If 
current is obtained on any point, the open is in the resistance or the 
resistance lead just behind the one being used. Special care should 
be used to flash the breaker quickly for otherwise the fuse may be 
blown. 

The tests indicated are sufficient for the motors, controllers and 
resistance wiring. If no current is obtained on either of them, the 
trouble is evidently caused by a bad rail contact, ground wire off if 
both motors are grounded through the same wire, an open in the 
blow-out coil, at the lightning arrester, circuit breaker or on top of 
the car. 

None of the tests applied locate the open definitely, but this can 
easily be done in the shop or wherever a lamp bank is at hand. Con- 
nect one terminal of the lamp bank to the trolley just behind the 
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circuit breaker and the controller on the 1st point series, then \<rith 
the other tenninal begin at ground and trace backwards up the circuit 
until the lamps fail to light. The path in a K type of controller is 
readily traced with the help of Fig. 22. 

SHORT-CIRCUIT TESTS. 

The location of short-circuits is much more tedious. The 
blowing of the fuse or opening of the breaker will locate them as 
shown below. The separate tests can then be followed until loca- 
tion is definite. 

These tests it must be kept in mind are more especially adapted 
to cases on the road or where no facilities for testing are at hand. 

Rather than blow fuses as frequently as indicated it would in 
most cases be better to place a lamp bank across the open circuit 
breaker and note the flow of the current by the lights. 

Fuse Blows: 

I. When overhead is thrown on may be due to: 

1. Grounded controller blow-out coil. 

2. Grounded trolley wire or cable. 

3. Grounded lightning arrester. 
II. On first point: 

1. Grounded resistance near R 1. 

2. Grounded controller cylinder. 

3. Bridging between the insulated sections of cylinder. 

III. Near last point series: 

1. Grounded resistance near R 3, R 4 and R 5. 

2. No. 1 motor grounded. 

IV. Near last point multiple: 

1. No. 2 motor grounded. 

2. Bridging between lower sections of cylinder. 

3. Armature defective. 

CASE I. 

Fuse Blows when overhead is thrown on: 

1. Grounded controller blow-out coil. 

2. Grounded tmlley wire or cable. 

3. Grounded lightning arrester. 

The blowing of the fuse immediately on closing the overhead 
switch or circuit breaker, when the controller is on the off position. 
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indicates that the fault exists somewhere between the overhead and 
the upper or trolley finger of the controller. 

Should the defect occur during a thunderstorm, it may be pre- 
sumed at once that lightning has grounded the blow-out coll of the 
controller. 

CASE II. 

Fuse Blows on first point: 

• 1. Grounded resistance near U 1. 

2. Grounded controller cylinder. 

3. Bridging between sections of cylinder. 

\\Tien the tvDntroller is on the first point all of the wiring of the 
system with the exception of the ground wire for No. 1 motor is con- 
nected with trolley. But a defect in the wiring l)eyond the resistance 
will not show itself on the first point by an abnormal rush of current 



Pig. 101. Fig. 102. 

because the resistance of the rheostats is sufficient to prevent any 
excessive flow of current. 

The resistance and leads and the controller cylinder are the only 
parts to be tested when the fuse blows on the 1st point. 



Fuse Blows on 3rd or 4th point: 

1. Grounded resistance near R 4 or R 5. 

2. No 1 motor groun<led. 

With either of the abo\e defects the car will most probably 
refuse to move as the current is led to groimd before passing through 
the motors. 
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Fig. 108. Plan of Car S 
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No. 1 motor may be tested by cutting it out of service by means 
of its cut-out switch. If this removes the ground, the motor is at 
fault. 

CASB IV. 

Fuse Blows near last point multiple: 

1. No. 2 motor grounded. 

2. Either armature short-circuite<l. 

The fact that the fuse did not blow on the series positions excludes 
the resistances and No. 1 motor from investigations for grounds. 

Cut out both motors. If the ground still exists the controller is 
defective If not, the fault may be located in either one of the motors 
by cutting out first one and then the other. 

ARflATURE TESTS FOR GROUNDS. 

With a lamp bank at hand tests for grounded armature can be 

made as follows: 

Throw the reverse on center. Attach one terminal of the lamp bank 
to the trolley. Put the other terminal ou the commutator of the armature 
to be tested. No current shows the armature O. K. If current flows 
remove brushes and try again, to be certain that the ground is not in the 
leads. , 

FIELD TESTS FOR GROUNDS. 

Disconnect field leads and put test point of the lamp bank on 

one side of the terminals. No current indicates that the fields 

are O. K. 

REVERSED FIELDS. 

In placing new fields in the shell it often happens that one or 
more are wrongly connected. Reversed fields make themselves 
known by excessive sparking at the brushes in each case. 

In Fig. 101 all of the fields are connected correctly. The flow 
of magnetism is in one pole and out of the adjacent one. Some of 
the magnetism leaks out of the shell and affects a compass held near 
the outside. The direction taken by the compass needle in the dif- 
ferent positions is shown The needle should point in opposite 
directions over adjacent coils and should lie parallel to the shell in 
positions half way between two coils. 

Figure 102 shows the flow of magnetism when one field is re- 
versed. In such a case the compass will take the position shown. 
The field marked "X" is the one reversed. 

With one reverse<l field a machine will usually operate, as the 
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magnetism in three of the poles is in the normal direction. But an 
excessive flow of current that has no effect in turning the armature 
will take place on that side of the armature next to the reversed field. 

CAR REPAIR SHOPS. 

Every electric railway system has a repair shop in which the 
cars are overhauled. Hardly two shops are built alike. In those 
shops where only a few cars are cared for, the work is sometimes all 
done in one room. The shop plan shown in Fig. 103 was presented 
to the American Railway Mechanical and Electrical Association by 
W. D. Wright. It contains the idea upon which the larger shops 
are now being constructed, having a transfer table between the 
separate departments on either side. In the general design of shops 
the blacksmith shop, machine shop and truck shop or ecjuipping shop 
should be close together as a great deal of heavy material is carried 
between these departments. The paint shop should be separated 
as much as possible from the other departments in order that flying 
dust and dirt be avoided. The wood shop may occupy a position at 
a considerable distance from the other departments as no heavy 
material is carried from this shop to them. 

The tracks of the motor and truck repair shop are usually pro- 
vided with pits so that trucks and electrical equipment may be re- 
paired and inspected from below. The tracks in shops are usually 
about 15 or 16 feet between centers. This gives a clearance of about 
6 or (S feet between cars w^hen adjacent tracks are occupied. 

A large portion of the work done in the average shop consists 
of the repairing of trucks and the motors mounted on them. With 
the smaller car, especially those with single trucks, much of this 
work is done from the pit below while the trucks are in position under 
the cars. In this case the armatures are either removed by letting 
them down with the lower half of the motor shell by means of a pit 
jack, or the lower half of the armature shell is swung down by the 
use of a chain and block placed in the car and the armature rolled 
out on a board. 

The trucks of double truck cars are usually taken out from under 
the car body when repairs are to be made. In this case the motor 
leads, the sand l)ox connections and the brake rigging are disconnected 
and the car bodv either raised or the trucks lowered from it. Several 
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methods of raising the car body are in use. Where no special ap- 
paratus is at hand, this is done by means of jacks, hydraulic or me- 
chanical, placed under the side sills of the car near the end to be 
raised. Sometimes an overhead crane is employed to lift the car 
body. A special apparatus to raise the body is employed by the St. 
Louis Transit Company. This consists of four screw jacks located 
below the floor of the sliop. An I-beam •extends over the tops of 
the two located on the same side of the car. The jacks are motor 
driven by means of one sprocket chain so that they rise at the same 
speed. When a car is to 'be raised it is run on the track between the 
jaclij, bars are placed under the car resting across the I-beams and 
the jacks raise the car off the trucks. The trucks are then rolled 
out from under the car and the repairs made. 

Sometimes, as has been stated, the trucks are droppe<l from the 
car body. In this case the car is so placed that the truck rests on an 
elevator or section of track that drops to the floor below. After the 
car is blocked up the trucks are dropped and the repairs made. This 
method is also used in changing wheels Jn small shops. The old 
pair of wheels is dropped by a hand-operated drop section of track. 
A new pair is then elevated into position. This saves jacking up 
one end of the car. 
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In no other line of electrical activity have developments during 
the last few years been so rapid as in that of electric railway work, 
and from all indications the limit has not yet been reache<l. 

Until recent years all electric traction has been dependent upon 
direct current as a motive power. This is due principally to the 
fact that the series direct-current motor is admirably adapted for 
such work, and no alternating-current motor had been developed 
which could be substituted for it. One of the great advantages 
possessed by the direct-current series motor is its large starting 
torque, which may be several times greater than that required to 
propel a car at full speed. This type of motor is also essentially 
a variable speed machine, and lends itself very well to wide varia- 
tions in speed control; consequently, for many years, in this coun- 
try at least, all advance was made along direct-current lines. 

The trolley voltage used at first was from 450 to 500 volts, 
this being supplied directly to the cars by means of a trolley wire, 
the rails l)eing used for the return circuit. It is evident from the 
outset that the comparatively low voltage, necessitating as it did a 
correspondingly large current for a given amount of power, would 
place a definite limitation on the use of such a system for anything 
other than purely local distribution. To overcome this difficulty 
as far as possible, the trolley voltage was gradually raised to 600 
or G50. This of course decreased the required current, thus increas- 
ing the scope of the system accordingly. The limit of increase of 
direct-current voltage on the trolley was reached at about this point, 
and the fact was recognized that some means must be devised for 
using a still higher voltage, since there are difficulties to increas- 
ing the trolley voltage beyond 600 or 700, due to flashing of the 
motors, which seems to increase directly with the voltage. 

It may be mentioned in passing that one prominent electric 
traction expert has stated that a direct-current trolley voltage of 
1500 can be used, but it remains to be proven whether or not he 
is correct. 



138 THE SINGLE-PHASE ELECTRIC RAILWAY 



A very satisfactory solution of the problem for large city street 
railway systems and long interurban roads, consists in the use of 
a combination alternating-current direct-current system in which 
three-phase high tension alternating current is generated and distrib- 
uted on high tension lines to substations along the road. It is here stepped 
down by means of transformers, and then changed to direct current 
by rotary converters, and supplied to the trolley wire as direct cur- 
rent at the usual voltage of say GOO. This syj^tem has many advan- 
tages, as there is but small loss in the high-tension lines, and these 
lines can be made comparatively small, thus effecting a consider- 
able saving in investment for copper. 

The above mentioned system of distribution is very generally 
used, and has been found quite satisfactory. The substations can 
be located at frequent inter\'als, and the distance that the 600-volt 
current must be conducted to supply the cars is not great. By 
this means current can be distributed over wide areas with a small 
loss, w^here it would be impossible to use the straight direct-current 
svstem of distribution. 

While, as stated, this furnishes a fairly satisfactory solution 
of the problem, it is far from perfect, as it necessitates the inter- 
vention of tlie rotarv converter substation, in which the investment 
must be large; and moreover the cost of operation is high, as such 
a station recjuires skilled attendance on account of the somewhat 
intricate nature of the rotary converter. Tlie ideal system> there- 
fore, is one which does away altogether w'ith the use of direct cur- 
rent, the power being generated, distributed, and utilized by the 
motors, as alternating current. 

Three-phase induction motors have been used (piite extensively 
and with considerable success in Europe for many years past. The 
three-phase motor, however, is not entirely adapted for railway 
w^ork, since it possesses the characteristics of the shunt rather than 
of the series motor, being a constant speed, not a variable speed 
machine. Moreover, tw^o trolley w'ires are necessary instead of 
one, and still another disadvantage consists in the low power-factor 
of the three-phase induction motor at starting. 

The recent application of tlie single-phase alternating current 
to railway w^ork has opened up a new field, which bids fair to sup- 
plant all other forms of distribution to a great extent at least, and 
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it is im[)os,>iil>l<' to predict at tlif prcsont time just wlmt its limitatinm 
inuj- or miiy not provo to l)e. This lias l)ccii made possible l>y tlic 
ilevelopment of a pradlcal commercial single-phase motor, which 
permits of the use of alternating eurrent on the trolley wire witji 
all its advantaftes, an<i yet sacrifices few, if any, of the advantages 
of the direct-current series motor on the car. 

'J'his motor, which is the latest and most Important lievelop- 
nient in the electric railway field, is of the series commutator type. 



Compensating AltfirnatinK-Current Kailway Motor. 

and d<M's not diifer in principle from its direct-<'urrcnt contemporary. 
It is called tlie rtimiiiufator lijpr ■linglc-plta.ic motor, and is the one 
type of alternatinfjKurrent motor which has the same desirable 
characteristics for railway work as the direct-cumnt series motor 
At first thought it may seem strange that a motor binit fun 
damcntally on the same lines as a direct-current michme would 
o|KTatc on an alternating <'urrent, as it might appear that the motor 
would tend to turn first in one dire<tion and then m the opposite 
direction with no resultant motion. This, howe\<r is not the (ast 
lK'<'au.se the direction of rotation of a motor depends upon the rela- 
tive direction of its field and armature currents. If now the field 
were maintaine<l in a constant <iirection and the armature supplied 
with alternating current, then the tendency would be to rotate first 
in one direction and then in the other, it is true, but as a matter of 
fact the alternating current is supplied to the field in series with the 
armature, so that when the direction of current in the armature 
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chanjjos it also i^everses in the field. The result is tliat the relative 
(iirei'tion of eurrent in the field and armature is eoiistant and tlie 
motor has, therefore, a tenilcney to turn oniitintiouslv in one <lirec- 
tion as long as the alternating-current power is supplied. 

This Ijoing true, the (jiiestion may uri.se a,s to why the single- 
phase motor was not hrouglit to the front for railway work long 
ago. The answer is that there were eertain inherent iliffieulties 
to Iw overcome, an<l the development of the single-pha.se motor 
has lieen simply the removal of tliese difficulties, rather than the 
design of an entirely new type of maehinc. 

The most serious obstacle to overeonie is the sparking at the 
commutator, due to the fact that when the terminals of a toil are 
bridged by a brush, the coil acts like the short eircuite<l secondary 
of a transformer of which the field winding constitutes the primary. 
.\lso there is an iron loss due to the alternating magnetic flux through 
the magnetic circuit; while another objectionable feature is the 
counter E.M.F. inducetl in the field coils. 



In order that it*inay overcome these difficulties, to .some extent, 
at least, the single-phase motor presents eertain niiKl ideations from 
the direct-current type, in that it has more field poles, an<l the entire 
magnetic circuit of fiekl frame, c(ires, and pole pieces, is carefully 
laniinate<l. The miml>er of commutator .segments is al.so increased, 
thu.s reduriiig the number of armature turns per coil, and there 
are special features introduced to prevent sparking, such as com- 
pensating windings which neutralize the effect of armature dis- 
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tortio"; the use of narrow brushes; a type of armatiiro winding 
which gives a low reactance per coil; the use of high resistance leads 
between the armature coils and commutator segments, etc. 

The single-phase motor is then a refined and highly perfected 
^■pe of direct-current motor, and this explains the fact tV.at it will 
operate on either alternating- or direct-current circuits. In fact 
some claim that it will operate even more efficient.y on direct cur- 
rent than th" regulation direct-current motor itself. 

The fielil for which the 
single-phase motor seems par- 
ticularly adapted is that of heavy 
.sen' ice and interurban work, 
where it has many distinct ad- 
vantages, among which may lie 
mentioned the following: 

The alternating current on 
the trolley allows the use of a 

high voltage and eorrespondinely „, , „^ . 

f ^ 1 . , 1 Slntrle-PhBge Armature, Unmounled. 

smaller current, which reduces 

the line less and permits of the use of smaller wire, which of course 
means a saving in the investment for copper. Moreover, the difficulty 
of collecting a large current from the trolley wire is overcome. Rotary 
converter substations are eliminated, l>eing replaced by simple 
and cheap transformer substations, which require no attendance. 
The capacity can l)e easily inerea.sed by merely increasing the num- 
ber of these transformer substations^ 

The efficiency of s[«^ control is a point particularly worthy 
of mention. In direet-ciirrent speed control, the series-parallel 
nietho<] i.s ased almost exclusively. This consists of putting the 
motors in .series for low spt'ed and in parallel for high speed. This 
pennits of two, and only two, economical running points; the one 
at full spee<l, and the other at approximately half speed. All intcr- 
me<liate points must be obtained by the insertion of dea{! resistance 
in which the voltage is simply wasted as heat, thus causing a large 
lixss parti cidarly at starting. 

With the single-phase motor the current is supplied to the car 
with a voltage of say 3300. It Is then stepped down by means of 
transformers on the car to the voltage of the motors, which may 
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be 200 or 2")0 volts. The spoofl is, of roiirsr, <li'peii(leiit iip.iii the 
viiltjij^' applieil to the motiirs, ami this voltapc Ls cut down from 
til*" maxiimim, to ohtain variims grmlatioiis, by means of an induc- 
tion controller, or liy taps from an aiito-transformer. Thiia the 
motor takes froni the trolley only slightly mure power than is actually 
required to operate it at any given speed, Instead of taking full 
voltage from flic line and absorbing part of it in dead resistance. 
The effect of electrolysis upon neighboring water pipes par- 
alleling an electric road, which is the cause of so much trouble with 
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direct current, i.s entirely eliininate<l, as electrolysis evidently will 
not take place with alternating current. 

In connection with this system a sliding contiict device or Ihjw 
tnilley has in many cases been substituted with considerable success 
for the ordinary current colW-ting device, or trolley wheel, one 
ailvantiige of this being that the car can be run in either <lirection 
without reversing the contact device. Another very satis factrjry 
form of trolley is of the pantograph typ<^ with sliiling .shoe, shown 
on the New York, New Haven and Ilartfort! locomr)tive. 

A new form of trolley suspension known as the catenary has 
In-en <level()ped to meet the demand for more substantial construc- 
tion ne<-essitate(l by the high trolley voltage. This consists of a 
stranded galvanize* I stwl mes,senger or supporting cable, from 
which the trolley wire is suspended at inten-als of about 10 feet, 
thus keeping it at a uniform distance alx)ve tlie track. 
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The niiiltiple-unit .system of tontrol fan l)i' iisiil in connwtion 
with siiigle-phiise motors, this being the scheme which has I>een in 
use for a long time on elevate<i and otlier roads using (hrcct current, 
whereby several cars can be operated in a train from a single point, 
each car being equippetl with its individual motor and coiitroUing 
apparatus. The entire system is then contn>llcil us one imit by a 
single motorman statione<l usually in the front iif tlie first car. This 
methcwl of control has l)ecoine of such 
tn'mendous importanc'e that any sys- 
tem to which it cannot be applied 
wouhi be seriously handicapi>ed. Cars 
equipped with single-phase motors can 
be operated on either direct-current iir 
alternating-current lines, with high or 
low tension, with trolley or thini rail. 

It mu.st not l>c supjxjsed, how- 
ever, that with all the .il^ve mentioned 
advantages, the single-phase .system liiis 
no disadvantages, as such is not t'.ie 
ca.sc. The car equipment, due to tlie 
tran.sformers and the nature of the 
motors, is considerably heavier. The 
motors themselves are more expensive 
on account of their special construc- 
tion. The efjuipment is not always 
adapted for operation on existing lines. 
Tlicfe is a slight increased "apparent" 

resistance of the trolley line and a con- jjasicr cuntroiier I'sp-i in coimec- 
siderable increased "apparent" resist- """sj^tem \lJf \pp'ii«i'^o °'^ 
anee of tlie rails; due to reactance sinKie-i-hBse "vvork. 

cause<l by the alternating nature of the current. There is also an 
active electro-motive forcr between the ficli! coils, which is objection- 
able, and there is a possibility of interference with neighl)oring tele- 
phone lines. Furthermore, there is slight li>.s.s in jx>wer In the 
transformers on the car, while the power-factor of the motors is less 
than unity. 

Summing the matter up as a whole, however, the advantages 
aeem to overbalance the disadvantages, at least for many kinds of 
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work, anil it is safe to pre<Hot that this new system of operation will 
have a very wide and increasing application in the near future. 

Aa to the operation of the system in general, the current may 
be developed by single-phase, two-phase, or three-phase generators, 
and supplied to the transformer substations just as it was formerly 
supplieti to the rotary converter substations. Only a single phase 
is u.sed on any section of the trolley line. The voltage on this trans- 
mission line will depend upon the existing conditions, and can be 
figured out like any other problem in power transmission. 

Three-phase generators would ordinarily be use*!, as less copper 
is re<juire<l to supply a given amount of power. The common fre- 
quency is 25 cycles [x-r sccorKJ. At the tran.sformer stations, the 



Truck Complete with Sluele-Phase MoCon and Contact Shoes. 

voltage i.s then .stepped down to that re<)uired on the trolley, which 
may W 2,()()0, 3,3()0, (1,(HH), or even 11,(K)0 volts. While we cannot 
speak yet of a standard voltage, 3300 seems to \te finding consider- 
able favor. The voltage for which the motors are wound is 21)0 
or 250, the (ieneral Electric motors using the former voltage, and 
the Westinghousc? the latter. When operating on alternating cur- 
rent the nuitors are connecteti in parallel, and when running on 
direc't curn-nt they are connected in series. Motors have ' been 
constructed from 50 to 225 horsepower, and there is no apparent 
reiLSon wliy largiT ones c<iuld not l)e made to oiKrrate with e(|Ual 
.satisfa<-tiiin. 

Among the roads in this country which iire either u.sing, or 
planning to use .single-phii.sc current, may lie mentioni-d the Rallston- 
Schencctudy line, which was one of the first systems to l)e e<iuippe<l 
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and lia.s bet'ii in siit-ce.ssful operation for some time. This road 
uses the alternating-t'urrent motor developwl I>y the General Elec- 
tric Co. The motors are adapted for operation on the 2,000-volt 
alternatiii{;-<-nrrcnt trolley l)etween cities, and on the standard 600- 
volt direct current in Schenectady, 
They are woun<l for 400 volts, and are 
operated In series on the (lOO-volt direct 
<nirrent. The fre(|Uency used is 25 
cycles. Current is supplied by an 
overhead trolley, no feeders being used. 
A second road of importance is 
one in Georgia between Atlanta and 
Marietta, which iii 15 miles in length. 
This uses the Westinghouse e(|uipment. 
'I'he current on the trolley is 2,200 volts 
and 2o cycles. It is transmitted at a 
voltage of 22,000. 

Another roa<l of importance is the 
Mannetit sppeii iiuiicaior. Indiana and Cincinnati interurban 

line, 41 miles in length, which ha,s 
been in oiR-ratiim on r<-gnlar sche<hile since July 1st, 1905. For 37 
miles the road is operated from alteriuiting current, and for 4 miles, 
from dirwt current. Four 7.'>-hor,se power motors i>pt car are used, 
capable of a maximum 
s[jeed of (>.") miles per hour. 
The Bloomington,I'on- 
tiac and Joliet Electric Rail- 
way is a single-phase road 
(•(piiplK-d with General 
Eltrtric apparatus, and has 
maintain(><lan>gular sched- 
ule over a distance of more 
than 10 miles since March, 
i!H).->. 

The plans are now 

. ' Armature Quill. 

Iiemg laid for a smgle- 

phfise n)a(l, which will run south from Spokane, Washington, a dis- 

tiuicc of 150 miles. The current on the transmission line is 45,000 
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volts, which is stepped down to 6,()(H) on the trolley. Tiie car will 
Ik' capable of openitinj;; on current from a (i.OOO-volt alternating, a 
700-\olt alternating, or a ">7."j-volt iHrect-ourrcnt supply. 

Perhaps the most important move which hjui been made in the 
direction of single-pha.se traction thu.'s far is the decision of the New 
York, New Haven, aii<l Hartfonl road to establish a long-ih.stance 
passenger traffic on the single-phase system. According to tlie 
latest plans this niad will operate lKtw<'en the (irand Central Dejxtt 
and WiKMllawn, N. Y., over the terminal tracks of the New York 
Central road, on direct current taken from the tmlley. From W<««1- 



lawn, N. Y., to Stamford, Conn., the road will be oix-rated on the 
single-phase system. 

The equipment is Iwing supplie<l by the Westinghouse Co. The 
current is generated by revolving-field type tiirbine-<lriven alter- 
nators. The armatures are designed for either three-phase or single- 
phase connection. The current is gcncrate<l at 25 cycles and 11, (XK) 
volts, being tlelivered directly to the trolley, and thence to the cars, 
without the intenention of any transformers. The double catcnan- 
suspension from me.s.senger wires is use<l to support the ^illev. 
The locomotives are each equipiH><l with fciur 2(H)-H. P. gcarlc.s.s 
motors, designed to operate on 2;i5-volt alternating current and 
275- to yOO-volt direct current. 
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The arniatnrt' Jm not mounted on the shaft direct, but is built 
up<»ii li quill through wliich the axle passes with about ^-inch elear- 
ani-c all around. There is a flange at each end of the quill from 
which seven pins pntjwt ttn<l fit into the hubs of the driving wheels. 
On the direct-ruiTfnt part of the line, current is delivered to the ear 
through eight collecting shoes from a third rail. On the alternating- 
current section, current Is delivered through two pantograph bow 
tn)llcvs. On the dircct-curi-ent section the series-parallel method 
of speed contn>l is nse<l, current being fed directly to the motors 
Aliich areconnectcil two in series permanently and the series- parallel 
control is appHeil to the motors in groups of two. The alternating- 
iiirront siK-cil contn>l is accomplished by si.\ taps' from an anto- 
transformer for the corresponding running points. The cars weigh 



Six-Unit Switch Grouii. SiuBle-Piiase System. 

7.S tons and arc capable of a speed of IK) to 05 miles per liour. The 
electr()-piieumatic unit-switch type of control is used. At each cud 
of the cab Is a master controller from which the main controller is 
oj>erated. Several locomotives can be operated together on the 
multiple-unit system, if desired. 

The \\'ashington, Baltimore and Indiana single-phase road is 
the latest in the field, contracts having been placed very reeentlv. 
The current will be transmitted at ;i;j,000 \olts and 2.'> cycles, then 
iK'ing stcppe<l down to 0,000 volts on the trolley. The road will be 
(iO miles long and will be cquippeil with (ieiieral Electric apparatus. 
Four 12.")-II. P. motors capable of operating on cither alternating 
current or direct current will be iisc<l, and the cars will be capable 
of a speed of 00 miles per hour. 
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